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INTRODUCTION. 

In a previous Annual Report, it vraa stated that as the rising 
(vater-table approached a soil crust, the rate of rise decreased and no 
instance of a -water-table entering the soil crust had been recorded. 
This statement is of great importance in connection -with the forecast 
of areas likely to become water-lo^ed and of lesser importance regard- 
ing the development of Thur. During the past year a considerable 
number of borings have been made and the conclusion has generally 
been upheld. The -well level records which have been examined during 
the year also support the conclusion. In the report of the Chemical 
Section the records of a boring of particular interest are mentioned. 
This boring is exceptional in that on piercing the soil crust and tapping 
the underlying water, sand and water rushed into the bore, the final 
water level indicating that the water was under a pressure equivalent 
50 7ft head of water. It has been held that the final level of the water 
in the bore represents the depth of the true water-table. This point 
of view is not at present accepted by the Irrigation Research Institute 
and further experimental work is in progress as a result of which 
it is hoped to reach a definite conclusion. 

The distribution of salt in the soil crust has been further studied. 
The greatest variations in salt content in an unirrigated area occur 
in the top five feet of the soil crust. The diagram attached to the 
Chemical Section report shows that soil profiles of high and low salt 
content can occur side by side and, therefore, the lateral move- 
ment of salt is small while the vertical movement may be large. 

In the Punjab, earth roads are the main means of communiea-, 
tion between villages. The factors determining the condition of these 
earth-roads have been under investigation for some time. This year 
particular attention has been devoted to the effect of salts on the 
state of the roads. The disintegrating effect of sodium sulphate and 
the beneficial effect of sodium chloride have been explained. Calcium 
chloride has been used in other countries for improving earth roads, 
the improvement being due to the binding effect of the water absorbed 
by this hygroscopic salt. It has been shown that the same effect 
can be produced more cheaply by using sodium chloride. A method 
of treating roads affected by sodium sulphate has been suggested 
and is under investigation. 

A subject of considerable practical importance is the production 
of a mud plaster wliich is non-erodable under rainfall or flowing water. 
This plaster has already been succ^fuHy used oil katcha buildings 
in some areas and its use is considerably reducing maintenanco 
charges. On two large farms miUors and water-courses have been 
lined -with the plaster. This has resulted in a considerable saving 
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of water as indicated both b^ gauge readings and the area irrigated. 
In one area the smaller zemindars have adopted the process and the 
practice would spread quickly if Government would give an assurance 
that the water so saved would bo available for use in the area served 
by the lined channels. The question is of considerable importance 
as it affords a solution of the problems connected with the increased 
intensity of irrigation which is a consequence of the fragmentation 
of holdings. The lining of water-courses will also be of value in con- 
nection with fodder production, a subject of considerable interest 
at the present moment. 

An apparatus for measuring the capillary power of sands and 
soils in described. This is proving useful in connection with the 
introduction of sand layers under earth roads to prevent the rise of 
•salts. By means of the apparatus, the mean diameter of sand particles . 
can be approjdmately detenmned. 

The design of tube-wells has been under further examination 
in the Physics Section. It bos been shoym that when the drawdo-wn 
is small compared to the depth of water in the well, the yield of the 
tuhewell is proportional to the drawndown. For other conditions 
which ate of purely theoretical interest the linear relationsMp does 
not hold. An examination was made of the relationship between 
the diameter of the strainer and the yield of the tube-well. The 
81763 of the strainers used were the same as those usually employed 
in the field. The experiments did not support the general belief that 
Ihe discharge of a tube-well is proportional to the diameter, and 
therefore, to the surface area of the strainer. In a study of shrouding 
U has been shown that there is an optimum size of the shrouding 
material with reference to the grade of the water-bearing sand. For 
the average Punjab water-benring sand, the most suitable particle 
size for the shrouding material is 8*5 mm. A large number of sands 
from borings were examined for their transmission constants to deter* 
mine the most suitable positions for strainers. 

Farther work on the detection of cavities under weirs has been 
undertaken during the year. The apparatus used depends upon the 
vibrations set up by impacts on sound and unsound work. "When the 
work is unsound, the amplitude of tho vibration is greater than for 
pound work. Photographs illustrating tho vibrations are attachefl 
(o tho report of this Section. 


An inTc^tiRation ^vluch ,s ot considerable importance in con- 
n«lion rcilli the interpretation of nrcll records concerns tho nenativo 
nressnres developed in wafer filnr. ourroirnding soil particles. It has 
Leon shown tliat wells are probably acting as manometora. In the 

menisci o, tho water fdms thL rodS^lile^^^et^r^rfidS^ynT^^ 
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result the -vvater in the -well shows a considerable rise which is out of 
all proportion to the rainfall received. The rise in well levels daring 
the monsoon period does not, therefore, represent additions of water 
to the wateistable. 

In the Mathematical Section considerable time was spent 
on the model of the Eiver Chenab at KhanM. The model when 
completed was handed over to the Hydraulic Section for the investiga- 
.tion of the river and silt control. 

A^Tth the development of the drainage system of the Province 
fears had been expressed that certain drains might be increasing the 
seepage from canals. An investigation of the effect of a drain con- 
structed at a distance of 1,200 feet from the Upper Gngera Branch, 
Lower Chenab Canal, on the seepage from the Branch was undertaken. 
The method of investigation is g^ven. in the report of the Section and 
the results show that this particular drain in its present position is not 
materially increasing the seepage from the canal. 

The factors influencing the silt entry into the Lower Jhelum 
Canal are being studied. The tentative conclusion reached is that an 
increase in discharge in the river, an increase in the river slope and an 
increase in depth of silt in the pocket, all lead to increased silt entry 
into the canal. A farther examination of the problem is in progress. 

A start has been made on the study of silt movement in a tilting 
flume. Experiments have been started to And the frictional drag 
exerted by a sand bed of different grades on the flow of water in a 
-channel. From the experiments so far conducted it has been possible 
to show that the law governing the velocity distribution in a smooth 
■channel is identical vith that obtained by Prandtl for smooth pipes. 

During the year a series of hydraulic observations on the 
Mississippi Kiver were published by the U.S. "Waterways Experimental 
Station, Vicksburg. These have been examined to determine whether 
ihe slope-discharge-silt formula of the Irrigation Eesearch Institute 
-applied. It has been shown that the calculation of slope from the 
86 
m* 

formula S X 10® = 2*09 agrees well with the observed 

Talues. It seems probable, therefore, that the formula may be of 
more general application than was originally claimed. 

The results obtained from the tube-well investigation in the 
Physics Section were examined in the Statistical Section. It has been 
shown that the discharge of a tube-well increases more rapidly than 
the drawdown and less rapidly than the length of the strainer. At 
very small drawdowns the discharge is directly proportional to the 
• drawdown. 
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The relation between the rainfall and thfe rise’ in water-isble- 
lias been examined for the lower half of the Eechna Ddab. Id this 
area the wafer-table is fairly dfeep and the rainfall low. A hi^h 
correlation was obtained which does not support a suggestion that a 
high correlation would only bo obtained when the water-table was 
near the surface. It was also pointed out that the water-table in this area 
bos been sho™g asteady rise of 9 inches per annum over the last 
eighteen years and that there are no signs of a reduction in the rate 
of rise. 

During the year hydraulic data were obtained for channels 
in the Gnjranwala Division. It was found that the P— Q and B=Q 
relationships derived from observations on regime sites on other canals 
systems held well for the channels in the Gujranwala Division. 

Considerable attention has been paid to seepage losses from 
6hnals. The mean monthly losses and their probable errors were 
worked ont for various channels of the Lower Chenab Canal system for 
the last twenty years. It was found that the probable error was high 
as compared with the mean. The analysis of variance of the data 
is being undertaken. 

Small experiments have been in progress to determine the effect 
of plant cover on run-off and soil erosion. At the observation site 
it was found that bare soil was eroded ten times os quickly as soil 
with a grass and scrub cover. The greatest loss of soil occurred 
during the monsoon months. 

Two important investigations on river models have been in 
progress during the ^eor in the Hydraulic Section. The tray in the 
laboratory' was occupied by a model of the river do^vnBtroam of Panjnad 
Weir for the study of methods that might be adopted to control bank 
erosion. A largo bela 1ms been formed downstream of the weir with 
tlio result that two channels have developed, the left channel taking 
one-third of the supply and tho right channel two-thirds. Considerable 
erosion of tho left ban): lias taken place and as a consequence the civil 
station has been endangered. Tho erosion of tho right bank has been 
even greater than that of the left but from tlie point of view of Govern- 
ment property it is not bo important. 

Tlie model showed that tho host form of protection was the 
conslmction of two T. head spins, tho first situated 8,500 feet down- 
stream of the weir lino and tho second 0,600 feet from the weir line. 
Die in'' esligation has shown that tho spurs are most oflectivo when the 
ratio 

Distance between tho spurs 
Length of tho spur 


U l)etween •! and 5. 



The oecond river model was constructed at Malikpur and the- 
problems concerned the development of methods for the control of the- 
Eiver Chenab at lOianki weir. Owing to alterations in the method 
of regulation the right channel upstream of the weir has developed 
considerably and as a consequence the left channel has tended to 
silt up. The head regulator of the Lower Chenab Canal being situated 
on the left channel, some difficulty might be experienced in feeding 
the canal during periods of low supplies if the present conditions 
continued. Further, the bays of the w’eir on the right side might 
be subjected to veiy severe conditions during floods. The problems 
set out by the Chief Engineer are detailed in the report of this Section. 
An account is given of the measures that have been investigated. 
Two solutions seem to he possible (n)* to allow the right channel to 
develop and feed the canal by flow across the weir, and (b) to construct 
a spur at Falku so that the channel to Bay 4 is developed which will 
allow control to be obtained of the supplies in the left branch. The 
effects of these alternative measures are still under examination. 

A large scale model of the river immediately upstream of Khanki 
Headw’orka has also been under examination to determine the con- 
ditions most favourable to minimise silt entry into the canal and to 
secure the maximum efficiency of the silt excluder. 

A model of Dhanaura Eegulator on the Western Jumna Canal 
has been under examination in one of the flumes. A silt excluder 
is now operating at the head of the Main Line Lower, Western Jumna 
Canal, and as a result considerable silt movement is to be expected on 
the bed. In order to stabilize the channel it was decided to flatten 
the slope by raising Dhanaura Regulator. The designs for the remo* 
delling and the shape of the cistern to control the action downstream 
were examined. The design was especially considered with respect 
to the maximum co-efficient of discharge. 

A model of the Jaba Level Crossing and the torrent in which 
it is situated was also constructed. From time to time the crossing 
has had to be extended in order to counteract the eflects of retro- 
gression. An attempt has been made to re-design the crossing to give 
maximum stability and the control of the retrogression is now' being 
studied. 

Silt surveys of the Upper Bari Doab Canal, the Lower Chenab 
Canal and the Western Jumna Canal have been in progress during the 
year. ^ The silt work on the Upper Bari Doab Canal has been carried 
out with special reference to the proposed construction of a silt excluder 
at the head of the Main Line. With the river conditions and 
entry as at present there should be no difficulty in extracting th*- 
majority of the silt which is causing f rocblo on the branch^. 
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The most important ■work of the Land Eeclamation Section 
^as been that connected •with the appearance of Thur. Until recently 
it -was thought that the formation of Thur -was intimately connected 
•with the rise of water-table and that when the •water-table reached a 
■certain distance (18 feet -was stated) from the surface Thur began 
to make its appearance. A number of villages "were selected so that a 
large range of depth of ■water-table could be studied •with reference 
to the appearance of Thur in the future. Before selection no Thur 
had been reported in the selected villages. On surveying the villages 
it ■n'as found that Thur had appeared in each one although the range 
of depth of -water-table ■was from 9 to 40 feet. It seemed, therefore, 
•that the -water-table -was not an essential factor in the formation of 
Thur. A considerable number of profiles were examined and it was 
■found that over a large area there is a zone of salt accumulation in the 
soil crust situated at difterent distances from the surface. The first 
conclusion reached was that the salt which gives rise to Thur is present 
originally in the soil crust and is not derived from the water-table. 
The experiments reported last year in connection with the formation 
of a zone of salt accumulation m the soil crust under irrigation indicated 
that the factors responsible for the formation of Thur are probably 
associated -with the water applied at the surface and the associated 
system of agriculture. As a result of further investigation, it seems 
probable that if the water applied to the soil surface is insufficient 
to balance that lost by evaporation and transpiration than the balance 
of salt movement is in an upward direction and there is a tendency 
for Thur formation. As essential feature in the formation of Thur 
land is the sudden deterioration which takes place. It seems, therefore, 
-that a concentrated salt solution is approaching the surface from below 
and that Thur is not due to the gradual concentration of salt in the 
surface layer by the evaporation of a dilute solution. An examination 
has been made of the intensity of irrigation during the Kharif season 
for the branches of tlie Lower Chenab Canal. On each branch the 
intensity of irrigation has increased considerably. The leaching 
of the salts from the surface layers which formerly took place -with 
the heavier irrigations has ceased. A further factor which may 
assist in the recent increase in the Thur area in the poor monsoons 
of the past five years. It is recommended that in Thur danger areas 
a rice crop should bo grown so that the salt may be removed from the 
soil cnist to the underlying sand. Examples of the results of this 
process have been given and it has been shown that there is no tendency 
fora return to the detoriornted conditions -over a period of eight 
years. 

Several areas havo been taken up for reclamation of Thur 
during the past year. On the Benala Estate it has been shown that 
if reclamation is commenced os soon as Thur appears then the land can 
be reclaimed by one nco crop. It has also been demonstrated that 



6eld drains for reclamation are not necessary in the Punjab if the 
•water-table is more than five feet below the natural surface. 

An investigation of open well irrigation was made in order that 
data regarding water requirements of crops and the cost of this form 
of irrigation might be available for the Officer on Sjiecial Duty, Tube 
Well Investigation. Valuable information regardmg the discharge 
of open wells, the cost of irrigation and the factors determining the 
area irrigated by a well have been obtained. 

Three small catchment areas were placed under observation 
for run-off in connection with drainage requirements. It has been 
shown that in a cropped area veiy little of the rainfall runs off the 
surface of the land owing to the bonds around the cultivated fields. 
In uncropped areas with heavy rainfall the nm-off amounted to as 
much as 20*6 cusecs per square mile in one case and in another to 22 
cusecs per square mile. 

During the run-off investigation, observations were made on 
the well levels in the areas. These observations afford interesting 
evidence of the magnitude of the negative pressures developed in soO 
and the release of the negative pressures by rainfall. The release 
of this negative pressure accounts for the apparent large rise in the 
water-table folio-wing a small rainfall at the end of a dry period. 

A large part of the time of the General Section has been taken 
up by the project work and reclamation schemes. The analyses of a 
large number of waters from exploratory borings in connection ■with 
tube-well projects have been made. An attempt has been made to 
classify the waters with reference to their habihty to cause choking 
of the strainers on account of calcium carbonate deposition. A 
complete check has been kept on the movements of salt in the soil 
crust during the reclamation of areas on Renala Estate. 

A suivey of wheat soils with reference to yield and their chemical 
characteristics was undertaken in order to obtain some information 
regarding the intial stages of soil deterioration. It is of interest 
that a significant correlation has been obtained between the yield 
of wheat and the available phosphate, as determined by the CO* 
method. This would be expected in a country where the water supply 
is one of the main factors limiting wheat production. There is also a 
significant correlation between the manganese content of the soil 
and the yield of wheat. In general, soils giving a high yield of wheat 
have a low manganese content and a low yield appears to be associated 
>’rith a high manganese content. No information is available to decide 
whether manganese is exerting a direct eSect or whether the conditions 
suitable for the accumulation of manganese are at the same time 
harmful to wheat production. 




CHEMICAL SECTION. 

Bise of Water-Table toWi reference to the Soil CnisU — Tbo rise 
of water-table and its consequences is a subject of great interest to 
this Province. Large areas have gone out of cultivation on account 
of the waterlogged conditions brought about by the rise of water- 
table almost to the ground level. Since salt, othor\viso known as 
hillar or thur, is generally present in these soils, the position is aggra- 
vated by the development of high salinity in the waterlogged areas. 
It must be understood, however, that ihur can appear on the soils 
surface irrespective of the depth of the water-table and areas have 
been known to go out of cultivation in which the water-table is too 
■deep to have had any influence on the movement of salts. 

It has been stated in previous reports that a general charac- 
teristic of the soil profiles of the Punjab alluvium is that they consist 
•of a soil crust of varying thickness overlying a sand stratum. The 
nature and thickness of the soil crust profoundly influences the rising 
water-table which can freely move in sand, but is checked in its progress 
when it meets with the soil layer which may be partly or wholly 
Impermeable to water. Since the nakre of the soil is very irbportnnt 
in determining its permeability to water, a definition of the soil crust 
that can prevent the rise of water-ti^ble seems called for. Obviously 
•such an attempt is besot with difficulties because there is more than 
one factor involved. However, it can be stated, with a fair amount 
■of justification, that for tbo purpose of this discussion a soil crust 
containing at least 16 per cent, clay and having a pH value not less 
than 8' 6 and a salt content not more ,tban *5 per cent, will prevent 
the further rise of water-table when 'touching it. Such a soil crust 
when present to a depth of at least 30 feet will ensure that the area 
will not become waterlogged in consequence of a rising water-table. 
Soil profiles from more than a hundred different areas have been 
■examined and in no case has an exception been found to this rule. 
It must be understood that the statement refers only to the cases of 
waterlogging produced by the rise of the subsoil water to the surface. 
Obviously it can have no application to low lying areas where flood 
water might collect and produce a state of waterlogging. It may bo 
stated that 10 feet of soil crust should be quite efToctivo in preventing 
Any danger of waterlogging especially if the salt in the soil is not 
■excessive. The limitation introduced by an excessive amount of 
salts is due to the enhanced permeability of the soil, which behaves 
AS if it contained a smaller amount of clay in the presence of salts. 
High alkalinity and high clay content, on the other hand, by reducing 
permeability may decrease still further the minimum depth of soil 
crust required for checking the rising water-table. 

o 
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The mechanism of moiatnre distribution in a soil profile touching 
the water-table is largely the result of a dynamic egufiibrium between 
two opposing forces, namely, the absorption and rise of water by 
capillanty and its loss by evaporation at the surface. The maximum 
hei^t to which water can rise by capillarity is never more than 6 feet 
even in the heaviest clays and its rate of rise is limited by the per- 
meability of the soil. If the soil crust is about 6 feet in thickness 
and the rate of evaporation less than the rate of capillary rise, the soil 
will have a more or less uniform moisture content throughout the 
profile down to the water-table. If on the other hand, the rate of 
evaporation is greater than the rate of capillary rise, the top portion 
will become dry and there will be a steep moisture gradient up to a 
certain depth from the surface. This region of steep moisture gradient 
may extend to a few inches only when the soil crust is only 6 feet. 
When the soil crust is more than 6 feet, the portion above the limit 
to which the capillary may extend has a steep moisture gradient, 
and the portion within the capillary zone a uniform moisture content. 
Estimation of the moisture content of the soil profile, therefore, 
offers very valuable information regarding the possibilities of water- 
' logging in an area where the water-table is touching the soil crust. 
A very interesting case in connection with this investigation is given 
in detail by way of illustration. The clay crust at B. D. 180,000 
at a point 800 feet away from the Main Line, Lower Chenab Canal, 
is 18 feet in thickness. Soil samples were taken at every foot down 
to the water-table at this place on 29th December, 1988. The following 
table shows the moisture and clay contents of these samples 

TABLE 1. 


Showing the moisture and clay content at every foot down 
to the water«>table at R. D. 180,000, Lower Chenab Canal- 


Depth. 

Moisture %. 

Clay % 

0—1' 

4-8 

16'8 

1—2' 

6-1 

13-8 

2—8' 

10-1 

27*7 

8—4' 

18-9 

19-4 

4—5' 

20-2 

22*1 

5—6' 

23-8 

24*6'1 

6—7' 

231 

24-5 

7—8' 

23-3 

18-2 

8—9' 

22*9 

19-2 

9—10' 

24*5 

2G-0 

10—11' 

26*5 

17-2 

11—12' 

26-4 

21*8 

12—18' 

25*7 

24*4 

18—14' 

84-5 

7-lJ 


Water rose to 6' — 1" on 
piercing the soil crust. 


Water-table situated at 
this depth. 
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It will be seen that the soil crust at this place is 18 feet. The- 
sudden drop in clay content from 24*4 to 7*1 per cent, is typical of 
the line of demarcation between tlie soil crust and the sand stratum 
underneath. There is generally some mixing of the soil and sand 
at this junction but the ^fference in texture is striking and cannot be 
mistaken. The sudden increase in moisture content in the sand 
stratum is also characteristic of these profiles. For instance, in this 
particular case, the sample at the 18th foot contained 25*7% moisture- 
which was just about equal to the field moisture capacity, but was 
below the rolling limit and the soil fell into pieces when worked in the- 
hand. The sample from the 14th foot, on the other hand, was w’et 
and water could be squeezed out of it by pressing it in the hand. This- 
condition is so characteristic that there is no difficulty in locating the 
water-table without having to determine the moisture content. The- 
exact moisture content, however, is determined in every case by 
immediately transferring a portion of the sample into a weighed lead 
tube which is at once sealed and subsequently examined in the labora- 
tory for moisture content by drying at 100 — ^110®C. 

"When the soil crust was pierced by the sampler, the water- 
table immediately rose in the bore hole with such a force that S'— 2'* 
of sand w'as also blown into it. The following table shows the rate of 
rise of water-table in the bore bole 


TABLE 2. 


Time ajter jnercing tke'soil 
crust 
1 minute. 

5 minutes 
10 „ 

15 „ 

20 

25 ,. 

80 „ 

40 

50 „ 

4 hours 


Depth of water in the bore from 
natural surface. 

9 '— 8 ' 

8 '— 1 ' 

7'— 0' 

6 '— 9 ' 

6 '— 7 ' 

6 '— 8 ' 

6 '— 5 " 

6 '— 3 ' 

6 '— 1 ' 


It is a remarkable phenomenon that the wuter-table actually 
rose by about 7 feet when the soil crust was pierced. In other words, 
the subsoil water was exerting an upward pressure of this magnitude 
and yet could not pierce the soil crust. It might be argued that the 
water-table was actually at the 6th foot in the soil layer. This is 
hardly likely for the following reasons : — 

(o) The moisture content of the soil below the 6th foot is lower 
than the saturation point. Samples from the 10th to 
the 18th foot were examined for their fi^ moisture 

b2 
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The mechanism of moisture distribution in a soil profile touching 
the water-table is largely the result of a dynamic equilibrium between 
two opposing forces, namely, the absorption and rise of water by 
capillarity and its loss by evaporation at the surface. The maximum 
hei^t to which water can rise by capillarity is never more than 6 feet 
even in the heaviest clays and its rate of rise is limited by the per- 
meability of the soil. If the soil crust is about 6 feet in thickness 
and the rate of evaporation less than the rate of capillary rise, the soil 
will have a more or less uniform moisture content throughout the 
profile down to the water-table. If on the other hand, the rate of 
evaporation is greater than the rate of capillary rise, the top portion 
will become dry and there will be a steep moisture gradient up to a 
certain depth from the surface. This region of steep moisture gradient 
may extend to a few inches only when the soil crust is only 6 feet. 
When the soil crust is more than 6 feet, the portion above the limit 
to which the capillary may extend lias a steep moisture gradient, 
and the portion within the capillary zone a uniform moisture content. 
Estimation of the moisture content of the soil profile, therefore, 
offers very valuable information regarding the possibilities of water- 
' log^g in an area where the water-table is touching the soil crust. 
A very interesting case in connection with this investigation is given 
in detail by way of illustration. The clay crust at B. D. 180,000 
at a point 800 feet away from the Main Line, Lower Chenab Canal, 
is 18 feet in thickness. SoD samples were taken at every foot down 
to the water-table at this place on 29th December, 1938. The following 
table 8bo^78 the moisture and clay contents of these samples 

TABLE 1. 

Showing the moisture and day content at every foot down 
to the water-table at R. D. 180,000, Lower Chenab Canal. 


Depth. 

Moisture %, 

Clay %■ 

0— r 

4-8 

16-8 


1—2' 

6«1 

13-8 


2-8' 

10-1 

27'7 


3—4' 

13-9 

19-4 


4—5' 

20-2 

22-1 


5— C' 

23*8 

24 -Cl 

Water rose to 6' — 1" on 

0—7' 

23*1 

24-5 

piercing the soil crust. 

7—8' 

23-3 

18-2 


8—9' 

22-9 

19-2 


9—10' 

24-5 

26-6 

• 

10—11' 

26*5 

17-2 


11—12' 

26-4 

21*8 


12—18' 

25-7 

24-4 


18—14' 

34-5 

7-lj 

Water-table situated at 


this depth. 
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It will be seen that the soil crust at this place is 13 feet. The* 
sudden drop in clay content from 24*4 to 7*1 per cent, is typical of' 
the line of demarcation between the soil crust and the sand stratum 
underneath. There is generally some mixing of the soil and sand 
at this junction but the difference in texture is strildng and cannot be 
mistaken. The sudden increase in moisture content in the siind 
stratum is also characteristic of these profiles. Por instance, in this 
particular case, the sample at the iStli foot contained 25*7% moisture- 
which was just about equal to the field moisture capacity, but was 
below the rolling limit and the soil fell into pieces when worked in the- 
hand. The sample from the 14th foot, on the other hand, was wet 
and water could be squeezed out of it by pressing it in the hand. Tliis 
condition is so characteristic that there is no difficulty in locating the 
water-table -without haring to determine the moisture content. The 
exact moisture content, however, is determined in every case by 
immediately transferring a portion of the sample into a weighed lead 
tube which is at once sealed and subsequently examined in the labora- 
tory for moisture content by drying at 100— nO°C. 

"When the soil crust was pierced by the sampler, the water- 
table immediately rose in the bore hole with such a force that S' — 2' 
of sand was also blown into it. The following table shows the rate of 
rise of water-table in the bore hole 


TABLE 2. 


Time ajler pierang the’soil 
ervst. 

1 minute. 

5 minutes 
10 „ 

15 „ 

20 

25 

80 „ 

40 „ 

60 „ 

4 hours 


Depth ofvatcrinViehore from 
natural snrjace. 

9 '— 3 ' 

8'— 1" 

7'— 0' 

6'— 9' 

6'— 7' 

6 '— 0 ' 

6 '— 6 " 

6'— 4* 

6'-^' 

G'— r 


It is a remarkable phenomenon that the water-table actually 
rose by about 7 feet when the soil crust was pierced. In other wori, 
the subsoil water was exerting an upward pressure of this magnitude 
and yet could not pierce the soil crust. It might bo argued that tlio 
water-table was actually at the 6th foot in the soil layer. This is 
hardly likely for the following reason? : — 

(a) The moisture content of the soil below the Ctb foot is lower 
than the saturation point. Samples from the 10th to 
the 18th foot were examined for their Cold moisture 
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capacity -without drying. It was found that except 
the sample from the 18th foot which was actually 
touching the water-table, they were all below their 
field capacity by 1 to 4 per cent, showing that there 
could not have been any free water. 

{b) If the water-table had been actually at the 6th foot the soil 
above it would have shown a higher moisture content 
than what was actually found, because the capillary 
rise of water extends to 6 feet in these soils. This will be 
clear from the following table which gives the clay and 
moisture percentages in a soil profile taken on the same 
day at B. D. 175,000, Lower Chenab Canal, i.e., only a 
mile away from the profile described before : — 

TABLE 3. 


Vepth. 

Moisture 

Clay %. 

0—1' 

12-9 

19-2 

1—2' 

18-3 

22-6 

2-3' 

20-8 

16-6 

3—4' 

23-0 

17-7 

4—6' 

25-9 

13-4 

3-6' 

80-3 

14 ’2 Water-tabls. 

6-7' 

34-3 

11-8 

7—8' 

31-8 

8'7 

8-9' 

29-0 

6-1 


The soil crust at this place is only 6-7 feet in thickness, the line 
•of demarcation between the soil and the sand was not very sharp and 
there was no rise in the water-table when the soil crust was pierced. 
The moisture content of the soil right up to the surface is high. The 
rate of evaporation of moisture at B. D. 180,000 cannot be much 
higher than at B. B. 175,000. The steeper moisture gradient at 
B. D. 180,000 cannot be explained on any other assumption than that 
the -svater-tablo was actually not at the Cth foot. No case has been 
recorded in this investigation whero the water-table was at a depth of 
BIX feet and the soil crust above it showed such a steep moisture 
gradient in this type of soil, nor can such a condition of steep moisture 
gradient bo reproduced in the laboratory by placing a column of soil 
on a free water surface in a tube and subjecting it to evaporation from 
the top. 

It has been shown that the moisture content of the soil even 
at tho 12tb foot was slightly below the field-moisture capacity. This 
condition is determined by kneading the soil with water until a drop 
of water placed on it is not absorbed and remains on the surface as 
free water. At this moisture content, the soil still has a considerable 
auction force and is by no means in a saturated state (c.f. Schofield 



Trans. Third Int. Cong. Soil Sci. 2:S7). This fact could not b& 
reconciled -with the supposition that the ^vater-toble was actually 
in this portion, unless a different meaning is assigned to the water-table 
than that generally understood. If it is conceded that a moisture 
content of 28-24 per cent, in a soil containing 22 — 24 per cent, clay 
corresponds to a condition in which the water-table is actually 
situated in it, then waterlogging would lose some of its worst 
features because at this moisture content in these soils, it would be 
possible to raise crops without difficulty since this would bo the optimum 
moisture condition for plant growth. 

The bore hole at R. D. 180,000 was kept under observation 
and in about two months the water-table stood at 5' — 5". Near 
this bore hole, a pit was dug on 2Cth January, 1939, and left at the 
5th foot. In other words, the bottom of the pit was only 5" above 
the water-table in this area. The pit was left for about a month 
during which time a lot of rain occurred and the pit had to be emptied 
several times. After a brief spell of fair weather samples were taken 
in the 1st foot of the bed of the pit ton 25th March, 1939. The following 
table shows the moisture contents at different depths : — 


Depth below the bottom of 

Moisture content. 

the pit. 

% 

0-1* 

17’9 

1—2' 

20-8 

2—8' 

21-2 

3—6' 

24’1 

6—9' 

25-8 

9—12' 

27-7 


It will be seen that the moisture content in the first inch is 
17*9, this in spite of the fact that the apparent water-table in this 
area is wthin 5" of the bottom of the pit. The soil crust at the bottom 
of the pit is only 8 feet in thickness. The pit was next lowered by another 
12" on 2Gth March, 1989, giving a depth of the bottom at 6 feet below 
the natural surface. Rain occurred during this period and the pit 
had to be emptied tvdee. Within 43 hours of the removal of tlio rain 
W’ater the pit again became dry at the bottom. On 6th April, 1939, 
there was rain and the pit was emptied cn 7th April, 1989. On fith 
April, 1939, at 2 p. m. it had developed a dry crust at the bottom. The 
moisture contents of the first four inches were os follows : — 


Depth heloio the bottom of 
the pit. 

0— r 

1 — 2 ' 

2—3' 

8 -^' 


Moisture content. ' 


13!97 

18*42 

24-87 

27*15 
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Exact 'measurements ol the bed level -n-ith reference to tbe level of 
the water-table on this day showed that the bed of the pit was 7' 
lower than the apparent water-table and there should have been 7' 
of water standing in the pit, if the water-table had been able to pierce 
the soil crust. This shows that the water-table cannot pierce a clay 
•crust, of 7 feet even when it is subject to an upward thrust of more 
than 8 feet of water. 

Another bore hole in this plot which was stopped at 7^ feet 
leaving a soil crust of 5| feet was found to contain water in the hole 
after a weeh. This might imply that a rising water-table under an 
upward pressure of 7 feet could pierce a soil crust of 5h feet and lead 
to waterlogging at the surface. The investigations are being continued 
in order to determine the conditions under which a water-table can 
enter the soil crust. 

Movement oj Moisture and Salts in Soils . — Soil samples down 
to 20 ifeet depth taken in an area 100' x 100' and divided into 100 
■squares of 10' x 10' show that the greatest variation in salts is confined 
to the ‘first five feet depth. This Will be clear from Eig. 1 in whicb the 
average salt content of 6 feet depths are given in the case of 100 squares. 
It is a remarkable fact that a salt content of 1 -05 per cent, lies dose 
to a square containing only per cent. There is a very sharp line 
of demarcation between the areas of high and low salt content and the 
differences persist from year to year. Similarly a moisture content 
as low as 1 *67 per cent, and as high as 12*99 per cent, can exist side 
by side. Eig. 2 shows in a striking manner the differences in moisture 
and solt percentage in two plots lying close together. 


Wo find similar variations in clay content as well as in exchange- 
nblo calcium. A clay content of 5*0 per cent, can exist side by side 
with, one of 28*0 per cent, and exchangeable calcium ma> differ from 
S‘0 inilli-equlvnlents to 18*15 milU-equivalents within a short -dis- 
tance. 


Salts play an important part in tropical countries in determining 
the conditions., of earth roads. . The appoarance of the white 

■ ■■“.‘I : ■•:■ 'the 

'I ■ • • ■ ■ . • .1 ions 

^ . •• '• -..■.'BOU 

during the cold winter nights, when- the humidity may- be as lugh as 
100 per cent, and evaporated during the dnywhen’it may be as low'as 
80 jier cent, , The nltemate nbsonition and evaporation of moisture being 
mainly responsiblo for the movement of salts in -winter, it becomes 
ncccpsaij to study the effect of the nature and .amounts of salts in 
soils on luuistnrp absorption at various humidities. Different salts 
that are naturally found in soils or could be usefully incorporated 
rvith them, were m ded to a typical Punjab soil as well as to a heavy 
clay subsoil. Mmsliiro absoiption was studied on these soils in 



■atmospheres o£ constant relative humidities created by sulphuric 
acid water mixtures of varying concentrations. The results .are 
plotted in Fig. 3. It will be seen that up to 70 per cent, humidity, 
the effect of salts on the hygroscopicity of the soil is practically negli- 
gible. Beyond this humidity, however, the hygroscopicity rapidly 
increases with increasing salt concentrations, so much so, that* with 
■5 per cent, salt, the hygroscopicitj' at 98 per cent, relative humidity 
may be three times that of the soil without salt. 

lloisture plays an important part in the preservation of road 
surfaces and prevention of the dust nuisance. The use of calcium 
•chloride has been advocated for this purpose. It is believed that 
•calcium chloride being hygroscopic will keep the soil moist. The 
results of these experiments show that within the economic limits 
•of calcium chloride treatment, the soil is not rendered any more 
hygroscopic than it is with the use of other cheaper salts such as sodium 
chloride. 

The stabilizing influence of salts that contain no water of 
hydration is two-fold. The soil is rendered more hygroscopic and 
remains moist for a longer period. The film moisture thus retained 
increases the cohesive forces keeping the particles bound together. 
In the extreme case when all the moisture has evaporated the mipute 
salt crystals deposited in the interstices act ns mortar in stabilizing 
the aggregate. The increase in the moisture retaining power of the 
soil due to salt is shown in Fig. 4, giving the rate of evaporation of 
moisture from soil surfaces stabilized with different salts. 

Attention was next directed to the relation between the nature 
of the salt and the destruction of the road surface. Various salts 
commonly found in the earth roads were added to moist soil and the 
salt allowed to travel up to the .surface by evaporation. It was dis- 
covered that the only salt that causes the characteristic loose and 
fluffy texture is sodium sulphate. Sodium chloride, on the ’other hand; 
may be present in any amount (up to 5 per cent, has been studied) 
but the road surface is maintained perfectly intact, and even better 
than that without salt. However, even a small amount of .sodimn 
sulphate, if present, along irith sodium chloride, causes the destruction 
of the surface. These 'results are of great ]»ractical importance, 
-es])eciall 5 ', as U' possible remedy for the action of sodium sulphate 
might be iound in the use of calcium chloride. It would appear 
that the adverse efteot of sodium sulphate in the soil could be entirely 
eliminated b}* the addition of an equivalent amount of calcium chloride 
in accordance with the following reaction : — 

Xa,SO^ + C.iC- -> 2 NaCI + CaSO^. 

Both sodium chloride and calcium sulphate thus produced are 
harmle'^s. In the laboratory, it has been found possible to keep a 
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soil block containing sodium sulphate entirely free from efflorescence 
by the addition of calcium chloride. The chemistrj' of the reactior 
being so simple, it is an easy matter to determine the amount of calciuir 
chloride required for a particular soil. Another salt wliich is harmful 
if present in excess, though not to the same extent as sodium sulphate 
is sodium carbonate. Fortunatelj' the same treatment with calciun 
chloride can destroy this salt also. 

NaaCOg + CaCU 1 NaCl + CaCOg. 

The adverse effect of Na^SO^ is due to the formation ot a numbei 
of hydrates, of these the deca-bydrate Na^SO^. lOHgO is the mos 
important. The volume occupied by this hj^drate produced from i 
cubic foot of the anhydrous salt is 1 *825 cubic feet. Such enormous 
volume changes disintegrate the soil crust and leave the soil in a loos« 
and fluffy condition. It was noticed that the particles of soil piishec 
apart by the increase in the volume of sodium sulphate due to hydratioi 
do not return to their original position when the salt is dehydrated 
thus the particles are separated until the maximum possible pon 
space is reached and the volume changes can be accommodated withii 
that space. The road surface can nse by several inches througl 
this cause it left undisturbed. There is another point worth notin] 
in this connection. Sodium sulphate deca-hydrate when d 0 hydrate< 
by a rise of temperature dissolves in its own water of hydration. Th' 
solution thus formed moves towards the surface by capillary action 
At the surface, the water evaporates leaving thw anhydrous sal 
behind as a loose white incrustation. 


There are important diflerences between soil and sand wit! 
regard to the action of sodium sulphate described above. The averag 
diameter of the pores in sand being comparatively large, the bydratio: 
and dehydration of this salt con take place within the pore space 
Even if the particles of sand are puslied apart due to the hydratio; 
of the salt, tliey fall back into their original position on dehydratior 
Tlie movement of the sodium sulphate dissolved in its water of hydratio: 
which plays such on important port in soils is also reduced in the cas 
of sand. These differences are of great practical value m checkin 
the movement of salts in tho soil by interposing a layer of sand betwee: 
the salt containing soil and the road surface. Laboratory experi 
menls indicate that a layer of sand as small ns one inch placed on a we 
soil containing t^o per cent, sodium sulphate did not allow any moistur 
or salt to move to the upper layer of tho soil. Tlie lower layer of soi 
was wet oven after three months and the upper soil layer did not sho^ 
any signs of fluffiness. 


The practical importance of these results is obvious. A stabilize 
earth road can bo protected from tho disintegrating effects of sodiur 
tulphato in tho sub-grade by placing it on a carpet of sand. Th 


-actual thickness of the sand layer suitable for a particular sub-grade 
has not been worked out under actual field conditions. It is hoped 
iio do so in the next cold weather, when the most suitable raetcoro- 
•logical conditions exist for the study of salt movement in the field. 

The Influence oj Particle Sice, Exchangeable Bases and Hygro- 
scopic Moisture on Soil Cohesion. — During the past year investigations 
have been in progress to determine the factors which affect the quality 
■of earth roads. In the Punjab there is a considerable mileage of 
earth roads carrying heavy traffic. The maintenance of the roads 
requires considerable expenditure. A knowledge of the factors 
which distinguish between a good and a bad road may lead both to 
■improved communications and to a reduction in the cost of main- 
'tenanco. 

Cohesion is one of the mam properties upon which the quality 
of a road depends. Cohesion is the resistance offered by the soil 
to any force tending to break it. To the clay fraction must bo ascribed 
the cohesion in dry soils. The investigation of the factors affecting 
the cohesion caused by clay are important. 

The magnitude of the force of cohesion must depend on the 
numbot of points of contact between the particles. The smaller 
the size of the particles, the larger will be the number of points of 
contact in a given weight of soil with the closest packing. An apparatus 
to measure cohesion was described in the report for 1938. 

_ In order to determine the effect of particle size of the framework 
material on the cementing action of clay the effect of the addition of 
•increasing amounts of clay on the cohesion of silt and sand w'as studied. 
The average diameter of the particles of silt used was 0*0764 m.m. 
-and that of the sand 0*2587 m.m. The results of the tests are plotted 
in Fig. 5. 

It Nvill be seen that the cementing action for a given percentage 
'Of clay is greater in the silt'clay mixture than in the sand-clay 
mixture. This indicates that a soil composed largely of silt is likely 
to form a better road with the same percentage of clay than one in 
which the sand fraction is high. The silt and sand contents of roads 
are, therefore, likely to be important factors determining their wearing 
properties. • 

A further important point shown by Fig. 5 is that, beyond a 
certain amount, further additions of clay do not increase cohesiom 
This condition appears to bo reached when the coarser particles have 
been completely enveloped in clay and the spaces between the particles 
filled with clay. If clay is added beyond the amount required for this 
-condition, the larger particles Trill bo pushed apart and cohesion 
reduced. From these results it would seem that a much larger 
amount of clay binder vdll be required for sand than for silt when the 
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fixtures attain their maximum strength. In order to reduce the- 
amount of clay required for binding, the voids between the larger- 
particles must be filled with smaller ones of graduall}* diminishing 
size. It follows that a soil containing particles of various sizes is 
likely to give a better basic material for roads than a soil in which tbe- 
individual particle size differs little from the mean. 

In order to investigate further the effect of the size of particles 
on the changes in cohesion on the addition of clay, particles of various 
sizes were separated by means of the siltometer for the larger sizes 
and by beaker sedimentation for the smaller sizes. Clay was added 
to each of these fractions and the cohesion measured. The results 
obtained are plotted in Fig, 6. It will be seen that the cohesion for 
the same percentage of clay rapidly decreases as the particle size 
increases up to a certain point beyond which the effect of the basic 
particle size becomes negligible. 

From these results it appears, therefore, that a good earth 
road can be expected on a soil composed largely of the finer particles.. 
This finer fraction should itself contain particles with a wide variation 
in diameters. 

Another factor largely affecting cohesion is the moisture content 
of the soil. The effect of moisture on soil cohesion has been studied 
chiefly in the wetter regions, where it is entirely accounted for by the 
suifaee tension of the liquid films of decreasing thickness which draw 
tho particles closer together. In the region of hygroscopic moisture, 
drj'ing or wetting leads to very little change in volume of the soil as 
a whole, so that the limit of compactness has been reached and the 
particles cannot get any closer together on further diying. This region, 
therefore, seems to have presented no point of interest and information 
regarding it is confined to few isolated observations. The enormous 
change in cohesion due to the diymg of tho hygroscopic moisture 
leads one to the conclusion that beyond a certain stage of wetness 
tho cohesive forces in soils are partly molecular and, therefore, maj- be 
associated with thi ■ ' • ' • I ' ' ■ the clay complex. 

The influence of i ■ ’ r ■ >pio moisture was 

studied on single ' . the exchangeable 

bases by 0*05 iV HCl treatment and then adding hydroxides of various 
metals. Tho soils were oven-dried and then gradually allowed to- 
take up moisture from atmospheres of different humidities in vacuum 
dcssicators for 72 hours. In the case of Na and Ca, the relation 
between moisture and , cohesion was also studied by gradually drying 
thorn. ^ The results are plotted in Fig. 7 from which the following 
conclusions may bo drawn — 

(1) Tho effect of exchangeable bases on soil cohesion is a 
xnaximuin whon the soil is dty. Tlie absorption of 
moisture leads to a narrowing of the differences due td* 



ions and becomes negligible when the soil is in equili- 
brium \Yith an atmosphere of 00 per cent, relative 
humidity. 

(2) The order of cohesion for the drj’ soil follows the generally 

accepted order of dissociation for these ions, i.e., Li > 
Nn > K > Mg > Ca. 

(3) The relation between the moisture content and cohesion 

is substantially the same whether the soil is gradually 
dried or ro-Avetted. 

Measurement oj the Capillary Power oj Sands and Soils , — ^In 
connection with certain experiments on earth roads it became^ neces- 
sary to investigate the grading of sands with reference to the thickness 
of sand layers which would permit salt-laden water reaching the surface. 
An apparatus to be described was devised and, on the basis of the 
assumption that Avater in the sand behaved similar laws to that in a 
capillary tube, it has been possible to determine the mean diameters of 
the sand particles. 

The well known formula for the height to which water rises 
in a vertical capillary tube which is Avetted by water and whose lower 
end is in AA’ator is : — 


whore 



b = height of meniscus above water level. 
T =3 surface tension of water ir» air. 


.. ( 1 ) 


g = acceiaration of gravity, 
p = density of water, 
d s= diameter of the capillary tube. 

Substituting the numerical A-alues (C.G.S. System) in equation (1) 
wo have approximately 


h = _2.'^ .. .. .. (2) 

d 

Applying this equation to the rise of water in soil, d must be regarded 
as the equivalent diameter of a capillary tube made up of the spaces 
between the particles. The relation between d and the diameter 
of the particles D, has been worked out by Slichter* in the case of an 
ideal soil, i.e., one having particles of the same diameter. His analysis 
shows that the A'aluo of d .at the widest -part of the triangular pores 
between the particles is 0;288 D, where D is the diameter of the 

'Slichter. Ci'.. I8')S. Tbeoretic«l InTwtigktioni of tbr moUon of Ground Woler. U.^. 0«eL 
SnrTry, IBth Ann. Rept. Pt. 2. pp. 301— 
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spheres “m the ideal soil. The relation (2), therefore, can be written 
as : — 


h = i!*- 9 ~ = -L. approxiniatelj’ . . (S) 

n- 288 D D ^ { 


In other words, the height of capillary rise is approximately equal 
,to the reciprocal of the diameter of the particles, both quantities being 
expressed in the same unit. 


Description oj Apparatus . — The apparatus sho-w'u in Fig. 8 
.consists of a buchner funnel provided with a sintered glass filtering 
disc. The funnel la joined through a rubber connection to a burette 
tube that can be raised or lowered against a graduated scale. The 
.entire funnel is filled with water b\' inserting a rubber bung at the top 
and joined to the rubber tube leading to the burette. Care is taken 
that no air bubble is allowed to remain at the lower surface of the 
'filtering disc. Excess of water is removed at the top and a quantity 
of sand or silt to give a layer of about half a centimetre with some 
free water standing on top is added. To start with, the level of water 
,on top of the silt and in the bruette tube is the same. The burette tube 
is lowered in steps of 1 cm. or so and the rise of water noted in terms 
of the graduations on the burette tube. This rise continues until 
the free water surface over the sand disappears, and the capillary 
pull of the water held in the interstices comes into play. From this 
point onwards, further lowering of the burette tube does not cause 
any rise in the level of the water contained in it. Tins constant value 
continues until the difference of the pressure exceeds the capillary 
pull of the sand and the water again begins to rise in the burette tube. 
There is a definite break if the layer of sand is only a few millimetres 
thick. The water levels in the burette tube are plotted against the 
'icale readings and the vertical portion of the curve represents the 
capillary pull. Some typical curves are given in Fig. 9 along with 
the mean diameters of the silts. AVith the help of the apparatus 
described, it is now possible to measure the maximum capillary force 
that can develop in a sand of a particular grade of coarseness and 
thus test relation (3) between the diameter of particles and tho maximum 
capillary force. A number of sands wore examined, the mean dia- 
meters of these having been determined from their distribution curves 
obtained by tho siltometer. These values were compared with the 


.values obtained by the apparatus from the relation h = i, where h 

« tho maximum capillaY irall and D the mean diameter of the particles. 
It vnll bo seen from Table 4 that the agreement between tho two sets 
of valuM 13 dose. The apparatus can, therefore, be used as a rough 
and ready method for detennimng tho mean diameter of sands ® 
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Ultra-Claij and the Efudency of Dispersion Methods . — ^The 
■efficiency of the preliminaiy treatment of soils for mechanical analysis 
is generally reckoned on the basis of conventional clay (0*002 mm). 
This limiting diameter, though extremely useful as a basis of sofl 
classification. Tcould be considered as referring to very coarse particles, 
as compared to those of colloidal dimensions. The use of the super- 
centrifuge has made possible the separation of ultra-clay in •which the 
colloidal properties are much more pronounced. this study, 

the size distribution of the finer fractions in the conventional clay has 
been examined and the manner in which ifc is affected by the various 
preliminary treatments of the soil for mechanical analysis and by 
the nature of the exchangeable ion has been studied. 

Tlie following methods of dispersion were tried : — 

(1) Xa^COj — XaOH method. Addition of XaXOj equiva- 

lent to the exchangeable Ca in the soil, and NaOH 
equivalent to the free acidoid. 

(2) method. Boiling the soil with ammonium 
carbonate solution and contmoing the boiling after the 
addition of KaOH or LiOH. 

(3) KaOI — XaOH method. Leaching the soil with N 

XaCl following by shaking after the addition of KaOH» 

(4) HCI — XaOH method. Leaching ■with 0*05 A' HOI 

followed by shak^g after the addition of NaOH. 

(5) Alkaline permanganate method. Destruction of organic 

matter with alkaline permanganate, followed by 
leaching with oxalic add and then with dilate H,SO^ ; 
finallv shaking the suspension -with the addition of 
XaOH. 

(6) International method. Destruction of org^c matter with 

HjO, followed by leaching ■with dilute HCI and 
finally shaking ■with the addition of KaOH. 

The methods outlined above fall into two categories : — the 
‘first tlnee depend on the direct replacement of exchangeable Ca by 
Xa ■without the removal of CaCO, from the soiL The last three 
aim at the removal of exchangeable Ca as well as CaCO^, 
thus converting the soil into an acidoid ■which is subsequently neu- 
tralized ■witli XaOH. It is clear that all the treatments ultimately 
result in the production of Xa soil which is supposed to give maximum 
dispersion. The choice of these methods is particularly interesting 
because in the various publications from this Institute, it has already 
'been shown, that they give maximam dispersion on the. basis of con- 
ventional clay. As the addition of XaOH constitutes an essential 
.feature of every dispersion method, it fe desirable to ^ow the exact 
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spheres In the ideal soil. The relation (2), therefore, can be written 

AS 

h = - = JL apiiroxiniately . . (3) 

n- 288 D D 

In other words, the height of capillary rise is approximately equal 
,to the reciprocal of the diameter of the particles, both quantities being 
expressed in the same unit. 

Vescripiion oj Apparatus . — The apparatus shown in Fig. 8 
^consists of a buchner funnel provided with a sintered glass filtering 
disc. The funnel is joined through a rubber connection to a burette 
tube tliat can be raised or lowered against n graduated scale. The 
-entire funnel is filled with water by inserting a rubber bung at the top 
and joined to the rubber tube leading to the burette. Care is taken 
that no air bubble is allowed to remain at the lower surface of the 
^filtering disc. Excess of water is removed at the top and a quantity 
of sand or silt to give a layer of about half a centimetre with some 
free water standing on top is added. To start with, the level of water 
on top of the silt and in the bruetto tube is the same. The burette tube 
is lowered in steps of 1 cm. or so and the rise of water noted in terms 
of the graduations on the burette tube. This rise continues until 
the free water surface over the sand disappears, and the capillarjy 
pull of the water held in the interstices comes into play. From this 
point onwards, further lowering of the burette tube does not cause 
any rise in the level of the water contained in it. This constant value 
continues until the difference of the pressure exceeds the capillaiy 
pull of the sand and the water again begins to riso in the burette tube . 
There is a definite break if the layer of sand is only a few millimetres 
thick. The water levels in the burette tube are plotted against the 
,'icalo readings and the vertical portion of the curve represents the 
capillary pull. Some typical curves are given in Fig. 9 along with 
the mean diameters of the silts. AVith the help of the apparatus 
described, it is now possible to measure the maximum capillary force 
that can develop in a sand of a particular grade of coarseness and 
thus tost relation (3) between the diameter of particles and the maximum 
capillary force. A number of sands were examined, the mean dia- 
meters of these having been determined from their distribution curves 
•obtained by the siltomoter. These values "were compared with the 

values obtained by the apparatus from the relation h = where h 

•is tho maximum capillary pull and D the mean diameter of the particles. 
It will bo Focn from Table 4 that the agreement between tho two sets 
of values 13 The apparatus can, therefore, be used as a rough 

and ready method for determining the mean diameter of sands. 
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UUra-Glatj and the Rffaiency of Dispersion Methods. — Tho 
•efficiency of tho proliminnry treatment of soils for moclmnical analysis 
is generally reckoned on the basis of conventional clay (0*002 mm). 
This limiting diameter, though extremely useful as a basis of soil 
•classification, would bo considered ns referring to very coarse particles, 
as compared to those of colloidal dimensions. Tho use of tho super- 
centrifuge has made possible the separation of ultra-clay in which the 
colloidal properties aro much more pronounced. In this study, 
tho size distribution of tho finer fractions in tho conventional clay has 
been examined and tho manner in which it is afToctod by the various 
preliminary treatments of tho soil for mechanical analysis and by 
tho nature of the exchangeable ion has been studied. 

Tho following methods of dispersion uoro tried : — 

(1) Na.COj — NaOH method. Addition of Na^COg equiva- 

lent to tho exchangeable Ca in the soil, and NaOH 
equivalent to tho free acidoid. 

(2) (NHjjCOj method. Boiling the soil with N ammonium 

carbonate solution and continuing the boiling after the 
addition of NaOH or LiOH. 

(3) NaCI — NaOH method. Leaching the soil with N 

NaCl following by shaking after tho addition of NaOH. 

(4) HCl — NaOH method. Leaching with 0*05 N HOI 

followed by shaking after tho addition of NaOH. 

(5) Alkaline permanganate method. Destruction of organic 

matter wth alkaline permanganate, followed by 
leaching with oxalic acid and then with dilute H^SO^ » 
finally shaking tho suspension with tho addition of 
NaOH. 

(6) International method. Destruction of organic matter with 

H.Oj followed by leaching with dilute HCl and 
finally shaking -with the addition of NaOH. 

The methods outlined above fall into two categories : — the 
‘first three depend on tho direct replacement of exchangeable Ca by 
Na without tho removal of CaCO, from the soil. Tho last tliree 
aim at tho removal of exchangeable Ca ns well as CaCO^, 
'thus converting the soil into an ncidoid wliich is subsequently neu- 
tralized with NaOH. It is clear that all the treatments ultimately 
result in tho production of Na soil which is supposed to give maximum 
dispersion. Tho choice of these methods is particularly interesting 
because in tho various publications from this Institute, it has already 
'been shown, that they give maximum dispersion on tho basis of con- 
ventional clay. As tho addition of NaOH constitutes an essential 
.’feature of every dispersion method, it is desirable to know tho exact 
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amount ol this alkali required in individual cases. It has been shown 
that the maximum pH at whi^ all soils are completely peptised is. 
.10‘8, though some soils show the maximum dispersion at a lo-wer- 
pH value. The failure to recognize this fact has led to the continuance 
of tlie search for the ideal method which would give the maximum 
dispersion with all soils. As a matter of fact, most of the methods- 
would produce maximum dispersion provided care is taken to bring the- 
soils to pH 10 • 8. In the present investigation this was done in nil the 
methods used. 

'■ The ultra-mechanical analysis w'as carried out on the whole 
soil with the usual pipette technique in a one per cent, suspension. 
The soils after the various treatments were made up to a standard 
volume in bottles of uniform diaiheter. These were placed in the 
comer of a room not used for any other purpose and in which tempera- 
ture variations and other disturbances were a minimum. Temperature • 

variations, however, did exist, but care vras taken that no particular - 
^soil or treatment received an unduly larger share of any external 
disturbance likely to occur during the time the suspensions were allowed 
.to settle. It must be admitted that the long time of settling (over* 
12 weeks for the finest fraction), and pipetting from a particular 
depth has its objectionable features and for that reason some people 
might prefer a centrifuge to reduce the time factor, but it must be 
.tetaeinboicd that a straightforward settling column is capable of 
theoretical interpretation and practical demonstration. Settling by 
mavity is also important in maintaining a continuity of the size 
distribution curve for the whole soil down to ultra-clay.* The results - 
oi the ultra-mechanical analysis are, given in terms oi diameters oi 
'particles ns calculated by Stokes Law from their settling velocities. 
It is by no means certain that Stokes Law holds for particles of this 
size. The diameters recorded were not measured directly, but simply 
assumed in accordance with Stokes Law. The following general 
conclusions may bo drawn from the results of tlie investigation : — 

(1) All methods of treatment pve practically the same 

results ns regards conventional clay (*002 mm. dia- 
meter). 

(2) ^Ictbods involving acid treatment give a higher percentage 

of finer fractious than the otliers. 

(8) ^lethods involving no acid treatment (1—8) are not 
able to resolve all these finer fractions into their 
ultimate units. 

(‘1) It is quite likely tliat for some soils ultra-clay may be 
uWiiticnl witli ordinarj- clay (-002 mm. diameter), 
"here is, however, no doubt that some soils, especially 
Uioso of alluvial origin, do show a stable size distri-- 
bntion of tractiona in the region of nUra-clay. 
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The Expression of the Mechanical Analysis and State of Aggrega- 
tion of Soils by Singh Values. — Size distribution curves of soils afford 
the most comprehensive picture of the ineclmnical composition of such 
aggregates. Such cim’os, tliougli characteristic of different soils, 
are not convenient for defining soils for purposes of classification. An 
attempt was made to express the moclianical composition of soils by 
“ Single values ” derivable from the summation or distribution curves. 
There are three such values, each characteristic of the shape of the- 
distribution curve, namely, the — 

AVeighted mean size, M 
The standard deviation a and 
The Schoklitsch number or K 

Methods of deriving these constants from the distribution 
curves are given in a publication of this Institute (Research Publication, 
Volume II, No. 16), 

In dealing with the size distribution of particles in soils it must 
bo noted that the state of aggregation as it is found in nature may be 
very different from its ultimate structure^ The former denotes 
tilth, and the latter provides a datum line for expressing the limits 
of variations in soil texture. The emmb structure of a soil is merely 
a single phase in its dynamic history, and, therefore, it cannot be used 
for the textural classification of a soil which must be based on its 
ultimate structure. 

Tilth i,s a complicated property of the soil, the determination 
of which would be extremely useful from the practical standpoint. 
The most logical method of expressing soil tilth would be one based 
on the entire mechanical analysis of the soil or a function thereof. 
In other words, tilth or the state of aggregation of a soil must give the 
existing mechanical analysis of the soil as a function of its ultimate 
analysis. For this purpose M, K, and s, which are characteristic 
constants of any mechanical composition curve, could be used. Tliese 
values of a soil can be taken before and after dispersion, referred to as 
Mq, a,,, Ko and M, a and K respectively, the latter value refoniri" 
to the ultimate structure. The ratio of these constants may bn relnlocl 
to soil tilth. Which of these ratios is the most snitabhi fiom llio 
practical standpoint can then be determined. 

Air-dty soils passing a 1 — mm. mesh were u.scd for tljis sliidy. 
The mechanical analyses before and after dispersion were mndc 
by the pipette method and partly by tlio siltometer. 

The following general conclusions are drawn as a n-Mih <>j iL. 
study : — 

Allmual soils give a low value of M ( i 0*05 luin.) v Id. . 
of o, and a low value of M./M. A low value of M atbociali C 
clay content (below 20 per cent.) chameterizes an alluvl".! 
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is exactly what one would expect. Such deposits are well-graded 
(low a) and silt gradually merges into clay. Their low clay content 
and high silt content do not lead to the formation of many aggregates, 
a fact that is home out by a low ratio. 

Black cotton soils (chernozems) have a high clay content, a 
low value for M, and a high M®/M ratio. These soils present a high 
state of aggregation and possess a crumb structure that would be 
associated with good tilth. 

Latcritic soils give a high M value and a medium M®/M ratio. 

Red ferruginous soils have medium clay, a high M value, a low 
iI®/M ratio, and a liigh value for o. These soils, in fact behave 
like a mixture of fine particles abruptly changing into coarse grains. ' 

K values run almost parallel to M values and therefore are not 
likely to prove any better than the M values. 

The Preparation of a Non-Erodahle Mud Plaster . — In the Punjab 
houses made of unbumt bricks covered with a mud plaster are those 
normally constructed in the villages. The roofs of houses made 
of burnt bricks are usually covered with a mud plaster to render them 
water-tight. During heavy rains the mud plaster is eroded and 
results in considerable discomfort and expense to the occupants. Por 
some time attempts have been made to produce a cheap plaster out of 
local materials that would withstand the heavy rainfall. 

The experiments were commenced by adding varying quantities 
of cement to a Punjab soil containing about 15 per cent, of clay. The 
orodnbility of those mixtures was determined under standard conditions 
as described in a previous report. The results showed that the addition 
■ of 5 per cent, cement by weight rendered the soil practically non- 
erodable under the heaviest conditions of rainfall likely to bo experienced 
in tho Punjab. 

The motbod was then tested at the field laboratory by erecting 
mud walls covered >ritb tho non-erodablo plaster. The field work has 
now been in progress for eight months and the treated walls have shown 
no signs of erosion whereas tho untreated walls have lost a considerable 
amount of tho mud plaster through erosion by rain. The following 
is the speciOcation of tho plaster and its method of preparation : — 

Tlio following quantities of material will be required to cover 
-an area of 1,000 square feet with a plaster 1 inch thick. 

75 cubic feet of earth. 

25 cubic feet of sand. 

•1 bags of cement. 

•1 maunds of straw. 

20 Its. of sodium carbonate. 
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Dissolve the sodium carbonate in sufticient water to souk 4 inaunds. 
of straw, add earth and work it np into a gara. Leave this mixture 
for a week w’orking it up every day and adding sufficient water to 
make up the loss due to evaporation. After a week the soil will have 
dispersed completely and tlie straw* will bo well rotted. Mix thoroughly 
4 bags of cement with 25 cubic feet of dry sand and add to the gara 
working up the entire mass to a suitable consistency and use as soon as 
possible. 

Keeping the relative proportions of the various ingredients 
constant, the quantity of the mud plaster can bo varied to suit individual 
requirements such as tho area to be plastered and the thickness of the 
plaster. For ordinary- plastering of kacha walls and roofs a layer 
of ^ inch is quite sufficient. For plastering watercourses or tanks 
for storing water a la 3 *er 1 inch thick is recommended. 

TABLE 4. 


Mean Diameter of sUts by two methods. 


CapOlaiy 
eolnma cm. 

Uua OtLUITSB IK MU. 

Capillary 
column cm. 

MaiK ftuiETZs nr uu« 

SUtometer, 

Capdlui* 

meter. 

SiUometer. 

CapiUari* 

meter. 

• 35-8 

•230 

•281 

20*0 

'501 

•600 

49*0 

•205 

•204 

18*9 

•493 

•529 

44*0 

•189 

•227 

19'« 

•483 

•605 

43*8 

•226 

•230 

21*0 

•476 

•’476 

83*8 

•126 

•120 

20-6 

•467 

'485 

78*4 

•129 

•IK 

23-4 

•441 

•427 

78-0 

•131 

, -128 

22-1 

•432 

•452 

67*6 

•136 

•148 

25*6 

•403 

•392 

. 89*0 

•151 

•145 

26-8 

•388 

•173 

' 67*2 

•172 

•175 

:s^4 

•380 

•352 

W*2 

•178 

•169 

29-B 

•345 

•540 

61*6 

•208 

•194 

31‘6 

•333 

•317 

61*7 

•197 

•162 

33-2 

•325 

•301 

46-S 

•202 

•216 

33-0 

•320 

•303 

07*4 

•159 

•I4S 

41 -3 

•283 

•242 

41*2 

•250 

•242 

49*0 

•255 

•204 
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table 4 — CONCLD. 



M?AN inVMKTFR IK MU 

Capillary 

column 

Mean diauztfb ik mv. 

column 

cm. 

KlUomeler 

CftpDIari- 

meter. 

Siltomctir. 

CapUI&ri. 

meter. 

T.i-7 

•13J 

125 

28 '0 

■381 

•357 

50-6 

•20» 

•198 

•20 5 

•311 

•377 

29-3 

340 

•341 

30-2 

•278 

•276 

30 *0 

•303 

328 

38 •« 

2737 

•203 

39*3 

•369 

•341 

J6 0 

•274 

•278 

32 -2 

313 

311 

32-7 

•3.10 

306 

44'7 

•242 

223 

32 0 

•3.13 

31.1 

43-3 

• .W 

220 

nr, 

•711 

-.171 

35-7 

•300 

281 

•21 4 

•046 

•458 

42*1 

•225 

234 

17 •« 

•616 

•50.1 

43-7 

•2*27 

•229 

17 C 

•624 

’ 667 

J4'0 

•270 

•294 

44-0 

•231 

224 

27-2 

•357 

•367 

31-3 

•332 

•319 

43 '0 

215 

•208 

41-4 

•227 

•242 

43 -S 

•201 

229 

C6-4 

•U1 

•161 

40 '5 

•261 

•240 

94-3 

■U7 

■106 

-37-7 

•245 

•261 

56-9 

•166 

•172 

40-8. 

•J'O 

•240 

51 0 

•16,1 

180 

35-0 


•281 

.1.1 3 

•188 

HI 

•JH'W 

391 

•117 

.12 '.I 

•201 

•100 

49 -0 

••203 

'210 

40 4 

210 

•215 

28-8 

•318 

•317 

04 -.1 

•179 

•155 

24-7 

•332 

•409 

47-1 

•223 

•212 

J9-» 

•r.l2 

•50.1 

42-7 

•147 ' 

•234 




r>4-7 

•181 

•183 
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PHYSICS SECTION. 

Tlic oxptiiincnts on models of tubo-wolls reported last year 
.Hiavo been continued especinlh' with reference to the ofTect of the 
boundarj' conditions on the results. Tiie origiiml experiments were 
•carried out in a small tank. This year they were repeated in a tank 
-of 180 y 05 X 35 cins. which enabled a greater variation in the con- 
ditions to be examined. Tiie stwiner was, as before, a perforated 
sheet cut to a semi-circular section. The front of the tank was of 
glass to enable the water level in the strainer to he obsot^'ed. 

The experimental technique was also improved ; temperature 
'Variations wore eliminated so far as possible, and difficulties due to the 
presence of air bubbles were overcome. A double-walled tank, in 
which the water was allowed to stand for 48 hours before use in experi- 
ments, was constructed. The water was filtered tliroiigh glass wool to 
remove the small quantities of suspended matter which are usually 
present. 

Beldtion between Ytehl and Dratcdoicn. — It has been generally 
accepted that the yield of a tube-well hears a linear relationship with 
the drawdo'wii. An investigation of this point over as wide a range 
as possible seemed desirable. 

The results obtained aresho^\'ninFigs. 10, 11 and 12. Keferring 
to Fig. 11, it will be seen that, the yield•d^awdo^\'n cur\’e is convex 
to the drawdown axis. This indicates that when the drawdown is 
large, the yield is greater than would be expected according to a linear 
relation. In the experiments referred to in Fig. 10 the depth of water 
in the model of the well is 12-7 cms. and the drawdown is about four 
times the depth of water in the well. This condition does not occur 
in the field. 

From Figs. 11 and 12 it will be seen that the convexity referred 
to in Fig. 10 disappears gradually. In Fig. 12 the curve is almost 
a str.aight line. In the case of Fig. 11, the drawdown is about twice 
the depth of water in the well and in Fig. 12, tlie drawdown' is nearly 
equal to the depth of water in the well. 

The experiments thus show that the linear relationship between 
yield and drawdowTi only bolds good when the drawdowm approaches 
a depth equal to or is less than the depth of water in the well. In the 
field, the drawdown is always smaller than the depth of water in the 
well and, therefore, the yield is proportional to the drawdowm. 

The Iielatio7i between the Diameter of the Strainer and the Yield 
aj the Tube-well. — It has been generally* accepted that the yield of a 
tube-well is proportional to the surface area of the strainer and, there- 
iore, to the diameter of the strainer. Two sets of experiments were 
•carried out to examine this point. 
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In the first set of experiments, strainers of 5, 7*5, 10, 12*5 
and 15 cms. ■were used with four different drawdowns. The results 
are shown in Fig. 12. 

It will be seen from the results that the increase in discharge 
with increase of the diameter of the strainer is small. The discharge 
increases with the dra-u'down hut as previously mentioned other factors 
operate at larger drawdowns. For practical purposes, small draw- 
downs only need he considered. As an example, for a drawdown of 
10 cms. an increase of diameter of the strainer from 5 cms. to 15 cms. 
only increases the discharge by 21 per cent. The increase in discharge 
with increase in diameter of the strainer is given in Tables 5 and 0. 

table 5. 


' Initial 
diameter. 

Final 

diameter 

Diacliarge 
with 6 cm 
strainer 

Discharge 
with 16 cm. 
atraiDcr. 

(h) Depth 
of water 
in the well. 

(H-h) 

Relative 

Discharge. 

cm. 

cm. 

c. c./*ec. 

c. c./sec 

em. 

em. 


6 

U 

l« ft 

10 5 

30*48 

10 

1 . 1*21 

5 

15 

25 S 

32 

3ft-48 

15 

1 : 1*2.5 

6 

15 

6 

49 0 

30 48 

20 

1 : 1*28 

6 

16 

50 6 

63-5 

30*48 

25 

1 : 1'26 

5 

16 

30 2 

37-8 

35 48 

15 

1 : 1-25 

S 

15 

4i S 

54 5 

35 Jfl 

20 

1 t 1*27 


table 6, 


Initial 

Diameter. 

Final 

Diameter. 

Discharge 
with 6 cm. 
Btroiner. 

Discharge 
with 15 cm. 
strainer. 

(h) Depth 
of water 
in the well 

(H-h) 

Relative 

Discharge. 

cm. 

cm- 

c. c /sec. 

c. c./»ec. 

cm. 

cm. 


5 

10 

160 

17-8 

30-43 

10 

1 .-1*11 

5 

10 

25*8 

28-8 

30-48 

15 

1 : 1*11 

6 

10 

37*6 

43*2 

30-48 

20 

1 : 1*16 

5 

10 

50 5 

50*0 

30-48 

25 

1 1 l-ll 

5 

10 

30*2 

330 

35-43 

15 

1 :1*11 

6 

10 

42-8 

46-7 

35-48 

20 

1 r 1-11 


cm3, to 15 cm3. 03 in pmctico stminom o£ 3 inches to 6 iLhes nroTost 

appt 
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Tlio general belief that tlio dischargo of a tube-well is pro- 
portional to tlio surface area of Uic strainer is not supported by 
these experiments. 

The rchiion hdicccJi Yield and Shrouding. — In carrying out the 
experiments to examine this point, a strainer of 16 cms. in diameter^ 
was used and the entire length of the strainer was shrouded. For 
comparison, in the first set of readings tho space between the sand and 
the strainer was left without shrouding so that it actually represented' 
a strainer with the diameter of tho tube-well together with tho shroud- 
ing. In the other experiments tho shrouding material consisted of 
sand between (1) 2*5 and 3*5 mm., (2) between 0*5 and 1*0 mm., 
and (3) with the sand forming the wnter-bonring medium. ^is 
latter sand had a diameter of 0*5 mm., its distribution curve is given 
in Fig. 14. Pliotomicrographs of the shrouding materials are given 
in Fig- 15. 

The discharges obtained with tho various shrouding raaterialB 
are show*n in Table 7. 


Table 7. 


Mature of shrouding space. 


Discharge. 


Empty 

Sand sieved between 2*5 and 3*5 mm. 
Sand sieved between 0*5 and 1 *0 mm. 
Original sand , , 


97*8 c. c./sec. 
96*8 c. c./sec. 
88*6 c. c./sec. 
60*8 c. c./sec. 


The results show that for a sand stratum of mean diameter 
0*5 mm., the critical shrouding material is between 2*5 and 8*5 mm. 
If the shrouding material is finer, the maximum discharge possible 
will not be obtained. It is also seen from the table that no advantage 
will be gained by using a coarser shrouding material since there is 
little difference in discharge between the 2*5 — 3*6 mm. shrouding 
and the absence of shrouding material between tho sand and the 
strainer. This is to be expected since the main resistance to flow 
into tho well is from the water-bearing sand. , 

In the field, strainers aro situated in different strata and, 
therefore, it is not possible to decide on the size of the shrouding 
material for a well as a whole. For shrouding tube-wells in the usual 
water-bearing sand of the Punjab a grade of 8*6 mm. will probably 
bo found to be most satisfactory. 

Discharge of a Titlc-iceU toith reference io (he position of a strainer 
in relation io that of an impenneahJe stratum. — The effect of the position 

2 > 
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•of the Btrainer with reference to an underlying impermeable stratum 
has also been studied. The problem may be stated thus — if a unit 
lent^th of strainer is placed in a permeable stratum of large depth, 
•will the discharge be the same as though the depth of the stratum^ is 
•limited to the length of the strainer, all other conditions remaining 
the same. 


The experiments were carried out with a strainer of 20 cm?- 
in length, its position being altered as shown in Fig. 16. The positions 
of the strainer were raised in steps of 5 cms. Four sets of observations 
■were taken with different drawdowns. 

It will be seen from Fig. IG that the discharges are affected 
by the proximity of an impermeable boundary. In the cases referred 
to in Fig. 16, the discharges increase when the strainer is moved away 
from the impermeable stratum. In this case again the rate of increase 
is larger for larger drawdo^vns ; thus, for the same change of position 
the increase in discharge for a drawdown of 25 eras, is from 39*0 
c.c./sec. to 55*3 c.c./sec., whereas for a drawdowm of 10 cms. the 
corresponding increase is from 13*4 c.c./sec. to 16’5 c.c./sec. 

The main reason for the increase in discharge when the strainer 
is away from an impermeable stratum is, that if the water-bearing 
sand is bounded by impermeable strata, the number of streamlines 
that can converge to the tube- well is limited, whereas in an unlimited 
boundary, this is not the case. “When the drawdown is small, this 
convergence towards a strainer decreases and so the streamlines become 
more and more parallel. 

Suvimary of the Conclusions . — As a result of these experiments 
on models the following conclusions were drawn : — 


(1) Under the conditions in the field, the yield of a tube- 

well is proportional to draw’down. If the strainer 
length is short and the drawdown large, this relation 
will not hold, but this case does not occur in practice. 

(2) The increase in yield of a tube-well is not proportional 

to the surface area of the strainer as was generally 
accepted ; the yield increases very slowly W’ith increase 
m the diameter. Within the ranges of 5 to 15 ems- 
of diameter investigated, the discharge increases by 
cent, as a result of increasing the size 
of the stramer two and three times in diameter res- 
pectively. 


_ (3) Shrouding may be employed 
for increasing the diameter. 


an alternative method 
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(4) Equal longtlis of a strainer are more offective if they 
nro placed away from an impermeable stratum, i.e., 
if they are situated in deep and continuous permeable 
strata, they are more effective than if they are 
situated in short permeable strata bounded by 
impermeable layers. 

hivedigation of the Transmission Constant of Sands from Karol 
-and TlVsfcrn Jumna . — Another problem which arose in connection 
•with the sinking of tubo-wells was, w'hicli strata were suitable for 
•strainers and what was the permeability of each of these strata. This, 
an fact, is the most important problem for designing tube-wells. 

Trial bores were, therefore, made in the field and samples were 
sent to the laboratory to determine the transmission constants. There 
were two projects, namely, one near the Western Jumna in Karnal 
4ind Abdullapur districts and another in Karol near Lahore. One 
thousand samples were received from these two projects. 

The method employed to determine the transmission constant 
•has already been described in previous reports. As a result of invest!- 
-gations it was found that values of the transmission constant of 0*00012 
.•ft. sec. and above were suitable for introducing strainers. The 
transmission constants of the various samples were determined. When 
the transmission constant of each of the strata of a trial bore has been 
determined, the results were plotted as is shown in Figs. 17 and 18. 
Now referring to Fig. 17, it will be found that in the well No. 1 of 
Karnal group, there are no strata which are suitable for a strainer 
up to a depth of 125 feet. There is a stratum from 130 — 150 feet 
which is just on the marginal value for introducing a strainer. There 
■is another stratum between 210 — ^230 feet which is good. Below this, 
except for small depths of strata at 2S0 and 320 feet depths, there 
are no strata of the required value of the transmission constant, the 
transmission constants being too low. This bore therefore is not suit- 
able for a tube-well, the yield would be too low, because of the low 
permeability of the sands. 

Figure 18 is for the case of tube-well No. 14, from Karol Pro- 
ject. It will be seen that the transmission constants of the samples 
are very high and it was possiblo to obtain a strata of 100 feet suitable 
for strainers by boring to 260 feet. The boring was therefore stopped 
at this depth and the tube-well was designed. This particular well 
gave a discharge of 1*75 cusecs for a 10 feet depression head in the 
field. Twenty-two wells were examined during the year under report 
and the results were sent to the Officer on Special Duty. The tube- 
'wells have been designed according to the data. 

d2 


f 
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of the strainer -with reference to an underlying impermeable stratum 
has also been studied. The problem may be stated thus — if a unit 
length of strainer is placed in a permeable stratum of large depth, 
■will the discharge be the same as though the depth of the stratum is 
limited to the length of the strainer, all other conditions remaining 
the same. 


The experiments "were carried out with a strainer of 20 cms. 
in length, its position being altered as shovm in Fig. 1G. The positions 
of the strainer were raised in steps of 5 cms. Four sets of observations 
■were tahen -with different drawdowns. 


It will be seen from Fig. 1C that the discharges are affected 
by the proximity of an impermeable boundary. In the cases referred 
to in ^'ig. IG, the discharges increase when the strainer is moved away 
from the impermeable stratum. In this case again the rate of increase 
is larger for larger drawdowns ; thus, for the same change of position 
the increase in discharge for a drawdown of 25 eras, is from 39 ’6 
c.o./seo. to 55*3 o.c./sec., whereas for a drawdown of 10 cms. the 
corresponding increase is from 13*4 c.c./sec. to IG'5 c.c./sec. 

The main reason for the increase in discharge when the strainer 
is away from an impermeable stratum is, that if tbe water-bearing 
sand is bounded by irapormoable strata, the number of streamlines 
that can converge to the tube-well is limited, whereas in an unlimited 
boundary, tins is not tbe case. “When the drawdown is small, this 
convergence towards a strainer decreases and so the streamlines become 
mote and more parallel. 

Summary of the Conclusions . — As a result of these experiments 
on models the ‘following conclusions wore drawn : — 

(1) Under tbe conditions in the field, the yield of a tube- 

■well is proportional to drawdown. If the strainer 
length is short and the drawdoivn large, this relation 
will not hold, but this case does not occur in practice. 

(2) The increase in yield of a tube-well is not proportional 

to the surface area of the strainer as was generally 
accepted ; tbe yield increases very slowly 'u’ith increase 
in the diameter. Within the ranges of 5 to 15 cms. 
* . diameter investigated, the discharge increases by 

10 25 per cent, as a result of increasing the size 

the strainer two and three times in diameter res- 
pectively. 


„ (3) Shronaing may be employed, as an alternative method 
for increasing the diameter. 
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(4) Equal lengths of a strainer are more effective if thuy 
are placed away from an impormeablo stratum, i.c., 
if they are situated in deep and continuous permeable 
strata, they are more olTcctivo than if they are ' 
situated in sliort porraeahlo strata hounded by ’ 
impermeable layers. 

• ■ J J.7 

hivcstigaiion of the Transmission Conslaiit of Sands from Karol d 
and Western Jumna. — Another problem which arose in connection 
•with the sinking of tubo-webs was, which strata were suitabio for 
strainers and what was the permeability of each of those strata. This, 
in fact, is the most important problem for designing tube-wells. 

Trial bores wore, therefore, made in the field and samples were 
sent to the laboratory to dotormine the transmission constants. Tiioro 
were two projects, namely, one near the Western Jumna in’Ivarnal 
.and Abdullapur districts and another in Karol near Lahore/ One 
thousand samples were received from these two projects. ». 

The method employed to determine the transmission constant 
has already been described in previous reports. As a result of’investi- 
.gations it was found that values of the transmission constant of ,9n8ij2A3e 
■ft. sec. and above were suitable for introducing strainer^. ^ 
transmission constants of the various samples wore dotorminec^i "jpJvIjoijj 
the transmission constant of each of the strata of a trial boro 
determined, the results wore plotted as is shown in Pigs.'lT ‘llnA Ip.- 
Now referring to Pig. 17, it will be found that in tho well 
Karnal group, there are no strata which are suitable foJ^! C*' 
up to a depth of 125 feet. There is a stratum from ISO^IjJ i.!* 
which is just on the marginal value for introducing a strainerng dJjrtain 
•is another stratum between 210 — ^230 feet which is good. ’ Biilyv^urface 
except for small depths of strata at 230 and 320 feet.deptiioyG^tiga- 
are no strata of the required value of the transmission constiiliiipa ijin 
transmission constants being too low. This bore therefore is'-unthogun 
able for a tube-well, the yield would be too low, because ofitliiUhder 
permeability of the sands. n ns of sand 

Figure 18 is for the case of tube-well No. 14, from 
ject. It will be seen that the transmission constants of 
ore very high and it was possible to obtain a strata of 100 fcj-i' 
for strainers by boring to 2G0 feet. Tho boring was thoiofoj’i' 
at this depth and the tube-well was designed. This 60® 

gave a discharge of 1*75 cusecs for a 10 feet depre>hiun hsplvcd 
field. Twenty-two wells wore examined during tlio your uno''' 
and the results were sent to the Officer on Special Duly, '.orn investi- 
wells have boon designed according to the data. I and tihirm 
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hwesiigations on Canties wider Trcir^. — ^During the cunenf 
year an important investigation has heen started for detecting imperfect 
contact of the floors of -weire with the sub-soil. The method depends 
on the principle of the seismograph. The floor in question is ^ven an 
artificial impact and the vibrations are recorded photographically. 
It was expected that the amplitude of the vibrations would enable an 
opinion to be formed of the nature of the contact of the floor with the 
■underlying sand. 

The arrangement of the apparatus is shown in Pig. 19. In the 
figure Li and Lj are two lenses and S is a source of light. The vibro- 
meter for detecting the vibrations and the camera for recording tlicm 
are shown in the figure. In the experiments, the vibrations were pro- 
duced with the help of an eccentric motor, w’hich gave continuous 
impacts on the floor. 

To begin with, expenraents wore performed on the ground 
floor of the Eesearcb Institute, which is a thin concrete floor on 
brichs and then on the first floor. The results show'ed that the ampli- 
tude of the vibrations on the first floor wliich is,not in contact w'ith the 
sub-soil w;as much larger than that on the ground floor for impacts 
of similar intensity. ^ 


The results being encouraging, it was decided to test the appa- 
ratus on a cement block embedded in the ground and try the experi- 
ment with artificial cavities under the bloclc. A bloch of 6 ^6 “r 
2 feet was built for the purpose and placed well in contact'with «ubsoil 
Photographs were taken as described before. An artificial cavitv was 
then made, about 3 cubic feet of sand being taken out from underneath 
the block. ^Vhen similar impacts were given and recorded it -a-ac 
again found that the amplitude had increased. ’ ' “ 


It w'as then decided to perform experiments on 'the 
floor of Bay No, 8 of Merala Weir. This necessitated certain modifi 
cations of the apparatus. These having been carried out, the apparatus 
was taken to Merala and one set of experiments was made on tha' 
reconditioned floor which w'as known to be sound. An artificial 
cavity was then nu^e hy taking ont 6 cubic feet of sand from under- 
Death the floor. TOen photoojapijs were again taken, it was found 
that tJicro was no rtiflDrence in the amplitude between i 

rroti?tt”tHchSa"“/SSd'"‘’^^^^ thatTe &or ■ 

’™ter'’?r ™“theS- 


rni... 


raenls ■ ■ . Weir. Exj 

constru. -1- puiwt ui new hw wi J partly of 

with respect to the old W consfru'etioMnd^tfe 
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-of the holes where the experiments have been ntado. It will be 
- seen that three of the holes investigated are situated in the old con- 
•struefion and four of them ore located in the newly constructed portion. 
'The photographs were taken over these seven holes both before and 
after grouting. Those arc shown in Figs. 21 and 22. The numbers 
marked against the photogmplis correspond to those of the holes 
-given in Fig. 20. "a*" refers to photographs taken before grouting 
-and '* b ” to those after grouting with sand. The quantity of sand 
•pouted into each of the holes is given below : — 


Hole No. 


Sand. 


1 

2 

3 

4 

5 
C 


7 cubic feet. 

8 If ft 

1 .. 
1*S „ „ 

1*S „ » 

1-8 V „ 


Ityill be seen from astudy of the photographs that the amplitude 
vibrations has decreased after grouting in the cose of holes Nos. 1 
.'and 2, but no difference is noticeable for the remaining holes. Jt 
appears that the apparatus in its present form is able to indicate a 
•^tTerence when .the cavity under the floor is fairly large. It was 
intended to continue the experiments in Bay No. 7, but the rise of the 
river prevented further work. This Arill be continued next winter. 

Investigations on Negative Pressures in Soils . — During certain 
-discussions on the rise of water-table and its possible control by.surface 
♦evaporation, it became necessary to carrj' out a systematic investiga- 
.tion on the negative pressures developed by the moisture films ,in 
♦contact with the soil particles. The fact that experiments were begun 
;on this subject was reported last year. During the year under 
report the investigations were continued and twelve specimens of sand 
rand soil were investigated. 

The details of the method and the diagram of the apparatus are 
, given in the report for the last year. In that apparatus water was 
.used as the liquid in the manometer. In the case of fine silts and 
■silts mixed with clay, the negative pressure developed is ‘high and 
so a mercury manometer inclined to the vertical at ' an angle of 60® 
.and for still finer soils a vertical manometer had to be employed. 

Twelve samples of graded sands and natural soils were investi- 
Ltgated. >Each of. these samples .was photomicrographed ,and .these 



are shown in Fig. 28. The negative pressures developed by thej 
samples are given in Table 8 : — • 

TABLE 8. 

Moisture ver- 

Sample No. 

Negative Pressure. 

ceniage satu- 
rated soil. 

1 

11 *8 cm. of water 

21 

2 

15-2 „ „ „ 

22 

8 

24-1 „ „ „ 

23 

4 

30-4 „ „ „ 

24 

5 

49-2 „ „ „ 

24 

6 

72-9 „ „ „ 

25 

7 

86-3 „ „ „ 

24 

8 

181 -o .. „ 

24 

9 

200-7 „ 

38 

10 

313-9 

89 

11 

391-2 „ „ „ 

35 

12 

562-1 „ „ „ 

48 


It ■will be seen from Table No. 8 and Fig. 23 that ns the particles of 
soil get finer, the negative pressure increases. These negative pre* 

. ssures are determined at a stage -when the gravitational water has just 
been removed and the moisture films are being formed, that is to say, 
at a stage of passing from the pendular to the funicular stage. Even 
at this high stage of moisture content, as is shown in column 3 of 
Table 8, tho negative pressures developed are fairly high. Another* 
important point to be noticed here is that in finer silts and soils, the 
negative pressure is developed at a moisture content which is much 
larger than in the coarser samples. This fact is of importance because 
' it explains why the finer soils are able to retain more moisture than 
the coarser under similar field conditions. If a high negative pressure- 
* is developed, the vapour pressure should be comparatively low ; this - 
will cause less evaporation as is found to be the case in finer soils.. 
Another question which arises as a result of this investigation is that, 
if such large negative pressures are developed in the aggregates of' 
soil particles when any plain water surface in contact with them is • 
destroyed, what will he the effect of these negative forces on any free 
water-table which occure in their neighbourhood. In other words,, 
in a field, will the concave menisci and the consequent negative pressure 
have an effect on the level of water in a well sunk in the area. This 
question led to an important investigation in subsoil physics carried 
out during the current year that is described at some length in the 
followmg section. ■ 


^ Capxlhniy and Subsoil Water-Table . — As was indicated in the 
previous section the pressure in a capillary fringe is below the atmos- 
phenc pressure, the amount of deficiency depending on the curvature- 


27 


’of the surface of the fringes. Any factor Avbich tends to increase this 
.curvature will increase the negative pressure and any factor that 
* reduces the cun*aturo tniH dccreaso the negative pressure. 

Above the capillarj* fringe is situated a soil zone in which the 
water is held to the soil particles in tho'form of films by the action 
of surface tension. In this region again the curvature of the films 
determines the pressure deficiency. - In this zone, the radius of the 
films between the particles varies very rapidly as the surface ‘is 
approached and as a result there is a stoop moisture and pressure 
gradient. ' 

Thus in anj' soil profile containing a water-table there are three 
zones, namely — 

(1) A zone completely saturated with water, the water being 

only under gravitational forces. 

(2) A zone completely saturated with water, but held by the 

capillaritj' and exhibiting a pressure deficiency, the 
pressure deficiency being determined by the cur\'aturea 
of the surface films wliich are situated in a horizontal 
plane. 

(8) A zone in which air and water are present and in which 
the water is held in the form of films round the soil 
particles by the forces of surface tension. The 
pressure deficiency in the soil increases as the surface 
is approached owing to the radius of the films decreasing 
as the moisture content decreases. 

The generally adopted method of recording the level of a water- 
table is by obsen’ing the water level in wells or in specially constructed 
. bore-holes. During a dry period the water-table, as indicated by the 
level of the water in the wells or bore-holes, falls, but after a small 
shower of rain or after irrigation a rise in water-table considerably 
greater than can he accounted for by the water applied to the surface 
takes place. So far no satisfactory explanation of this phenomenon 
has been given. During the past j'ear a study has been in progress 
with the object of obtaining a satisfactorj' explanation. 

A circular tank four feet in height and three feet in diameter 
was filled with water in which sand was deposited so as to obtain a 
sand saturated with water. An observation pipe fitted with a strainer 
was attached to the tank so that movements of the Avater level in the 
sand could be observed. After the tank had been filled with sand 
and water, Avater was drained from the tank and the level of tbe Avater 
in tbe observ'ntion pipe recorded. The immediate resting level of 
tbe AA’ater in tbe observation pipe is the level of the water-table in the 
sand. Tlie arrangement is shown in Fig. 24. 
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climate, including rainfall and factors determining rainfall, may 
prevent their use for making quantitative comparisons. Again, 
an attempt has boon mado to compare the losses from canals due to 
seepage with additions to the water-table indicated by well measure- 
ments ■VN'ith the object of showing that the prevention of seepage from 
canals •will result in stability of the water-table. If well levels recorded 
only variations in the water-table, this would bo a sound approach 
to the quantitative side of the problem. It has been sho^m, however, 
that well levels as at present obsen'od record pressure deficiencies 
and, hence, they cannot be used in the quantitative manner that has 
been attempted. Further work is in progress and the whole subject 
will later bo reviewed. 

Haie of Evaporation from a Soil Surface within the Capillari/ 
Fringe . — Experiments were carried out to determine .the rate of 
evaporation from sand and soil surfaces under atmospheric conditions 
■within the capillary* fringe. Opinions have been expressed that 
evaporation is likely to be farger from sand and soil surfaces because 
of the larger area exposed. This is contrnrj* to experimental observa- 
tions in the past and further experiments were required to elucidate 
this under local conditions. 

• The experiments were carried out as follows 

A mimber of glass tubes of diameter 2*25 cms., provided with 
parallel side tubes of diameter 0*5 cms. were filled ^\^th saturated 
sands of various grades, and supported in rectangular wooden stands 
such that they could bo easily weighed by means of a balance. Eva- 
poration under atmospheric conditions was allowed to take place. 
The level of water in the side tubes and the weights of the tubes were 
noted at inteiA'als. Simultaneous readings of room temperature 
and humidity were taken, Tlie relation of changes in water level 
in the side tubes was plotted against tlie amount of water evaporated 
in the corresponding interval. One of the curves is shown in Fig. 25. 
This shows a series of steps. Another set of observations was taken 
with increasing moisture and similar curves wore drawn, a specimen 
can've for the same sand being sho\Mi in Fig. 2G. This is a straight 
line. At first, the steps in the first curve wore attributed to condensa- 
tion of atmospheric moisture on the sand at night when the tempe- 
rature was low (the steps correspond to intervals at night) but later 
on they were found to be duo to tlio hygroscopic character of the glass. 

A glass tube was found to vary in weight at difTorent temperatures 
and humidity, the change being up to a range of I’O gram. The 
experiments were then repeated -with brass tubes but those, duo to 
the oxidation of the surface, caused small changes in weight thus 
vitiating the experiment. Taking into account those disturbing 
factors, the general curve in the capillary fringe may bo taken to bo 
linear. This conclusion is supported by experiments with increasing 
moisture content. 
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'■In all experiments it was found that the fall in water-level 

■ in the side tubes in any interval was much greater than what could be 
‘accounted for by merely taking into account the amount of water 

• evaporated and the area of cross section of the main tube. Por instance, 
'the fall in level in a certain interval in a fine sand was 2*0 cm. while 
•from the amount of water evaporated, a fall of 0‘17 cm. could only 

• be accounted for by taking into account the pore space of the sand 

■ and the area of cross section of the tube. Thus the actual fall in level 
was twelve times that which should have occurred on the old hypothesis. 
Using a smaller side tube the ratio was increased to 25. 

Further work is in progress. 

Examination of the side Slopes of Drains . — A knowledge of the 
slope which any particular soil can stand under the lateral pressure 
of inflowing water is of considerable importance in the design of drains. 
"Without'a previous oxaminatioii of the soil, a drain may be dug through 
an unsuitable locality resulting in faulty functioning and expensive 
maintenance. 

Information regarding the stability of side slopes of some of the 
existing drains was sought during the year under report. 

The Executive Engineer, Phalia Division, observed that the 
. sides of the Link Drain between the Bahauddin and the Haria Drains 
did I not stand. Samples of soil were taken from the various sites 
■ shown in the index plan in Fig. 27. The results of analysis of these 
. samples are given in Table 9. 

TABLE 9. 


Mechanical Analysis of Soil Samples from Bahauddin — Haria 
link Drain. 


• ' 1 

Feroektaqs. 

R. D. r 












, 1 

Coaxce eand. 

Fide eand. 

Silt 

Fine eilt. 

Clay. 

2S.OOO 

0-67 

66 68 

20-45 





69-83 

17*32 





18*12 

27 62 




1 ‘05 

69-41 




S4.0QO 

31.000 

40.000 

43.000 

40.000 

40.000 
62,000, 

65.000 

78 ‘48 
80‘07 
80-80 
02-11 

1-31 

13-78 

83-92 

89-63 

84*36 

13*90 

12 84 

13 19 
15*24 
13*43 
31*16 
11*15 

9 88 

0-60 

3-93 

3-27 

2-67 

2-85 

12-45 

17 75 

0 27 
0*30 

3-70 

0-83 

0-28 

11-62 

12-25 

41-30 

18-82 

2-20 

0-70 

4-43 • 
0-35 

0-80 

0-38 

2-73 - 
28*13 

14*45 

0-78 

0-48 
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It will be seen that most of these samples contain voiy little of 
clay the presence of which, in reasonable proportions, is essential for 
producing the necessary cohesion in the soil. The sides, as it is, 
could be expected to stand a slope of 1 : 8 but with the subsoil pressure 
due to the close proximity of tho Lower Jhelum Canal, it was con- 
sidered doubtful whether it would stand at 1 : 6. Under such condi- 
tions the cost of maintenance on this drain was expected to bo pro- 
hibitive. 

The Wan Drain, the Nabi Shah Jhil Drain, and tho Mona Drain 
were also similarly examined. 

A general study of the stages through which the sides of a drain 
pass in the process of sloughing in, are illustrated in Fig. 28. The 
photograph marked No. 1 shows the stable side of a drain. Photo- 
graph No. 2 shows the beginning of tho effect of rain and seepage 
through the sides as a result of which furrows make their appearance. 
Caving in at tho lower end has commenced in tho next and has 
extended in photograph No. 4. This stage precedes the falling in 
of the whole super-incumbent mass of earth into the drain, which is 
shown in tho photograph No. «*>. 

Electrical Gauge Jor Khanki , — ^It was reported last year that an 
investigation had been started to devise an electrical gauge capable of 
being read at a distance from the gauge-well at Khanki. This 
apparatus was installed at Khanki beadworks. 'While its working 
was satisfactory, it was found difficult to keep the batteries of the gauge 
in a fully charged condition. It was, therefore, thought advisable 
to make the gauge readings independent of the voltage of the battery. 

Further improvements were therefore effected in the gauges. 
The improved gauge works on tho wheatstone bridge principle and is, 
therefore, independent of the voltage of the battery. Two such 
gauges are imder preparation in the laboratory and will be installed at 
Khanki as soon as they are completed. 

Investigations on Silt . — The mechanical analysis of the silts 
for the study of regime conditions was continued during this year. 
One thousand and four hundred samples were analysed and tho data 
submitted to the Mathematical Section which is dealing with the 
farther aspects of the problem. 
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PHOTOlIICnOGliAPIlS OF SAJIPLES USED FOR 
SHROUDING. 
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VIBBOMETER PHOTOGRAPHS TAKEN AT EASUL. 
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Fig. 24. 

EXPEKIJIENTS ON CAPILLARITY AND AVATER-TABLE. 
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Fig. 28. 

STAGES OF PEOGEESSIVE FAILURE OP SIDE SLOPES OF 
DEAINS. 
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MATHEMATICAL SECTION. 

Investigations on ihe Btver CJicnah at KlianH ly means of 
Models . — Khanki -sveir was reconstrncted in 1934-85 and modifications 
in the design were introduced witli the object of obtaining better control 
of the river and silt entry into tho canal. Kegulation rules were drawn 
np but these were not adhered to rigidly. Various opinions were held 
regarding the methods to be adopted to achieve the desired results 
and it was finally decided to test the various suggestions on models 
of the river and weir. The main problem was to reach a ’ decision 
regarding the training works necessary and the method of regulation 
to secure the following results : — 

(а) Uniform flow over the weir in high floods. 

(б) The discharge in the left arm of the river should be sufficient 

to feed the canal when the supply in the river was 
low. 

(c) Minimum silt entry into the canal at all stages of the river. 

These problems were such that they could not be dealt with in 
one model unless the size of the model was made so large that the 
velocities in the pocket were high enough to keep all silt coarser than 
O' 07 mm. in diameter in suspension. At the same time tho model had 
to be long enough to include a stretch of the river upstream of the head* 
works so that the inlet conditions of tho river were well defined and well- 
known. Accordingly it was decided to build two models one for study- 
ing conditions (a) and (6) and another for condition (c) enumerated 
above. The first model was built so as to includo a stretch of the river 
between the Khanki Headworks and the railway bridge at Wazirabad 
where the river flows through a well defined channel and where gauges 
and discharges are known accurately for a number of years. 

At Khanki there are a number of spurs upstream of tho head- 
works each provided with gauges that are read frequently. Down- 
stream of tho railway bridge a cross-section of the river bed is known 
but nothing is known as to how the river approaches the bridge so that 
it was very difficult to reproduce the gauge readings at tho railway 
bridge correctly and consequently all tho spur gauges showed consi- 
derable variations from tho prototype values for corresponding dis- 
charges. Tho flow through the bridge was manipulated by adjusting 
gates at the entrance of the model so as to obtain tlie observed gauges 
at tbo railwa}’ bridge and as a result it was found that tho spur gauges 
wore correctly reproduced. 

Since tho conditions of the problem demanded timt tho whole 
stretch of the river between tho Alexander Bridge and the headworks 
should bo modelled, the dimensions of tho available space at the 
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Experimental Station at Malikpur fixed the horizontal scale. It "ffas 
found that a horizontal scale ratio of 1/200 could he used so that 
I = horizontal scale ratio = 1/200 

The vertical scale ratio was calculated from the follomng relation®— 


S X 10® = 2-09 

and 


E oC 

from -which is obtained — 

d = vertical scale ratio 


Eor the same silt in the model as m the prototype, the following vertical 
scale ratio was obtained — 
d == 1/30 

This decided the two length scales. The discharge scale was worked 
out from these two scales as follows : — 

1/33,000 

The next scale ratio that had to be found was the time scale which 
determines the duration for which a certain discharge in the model was 
to be run to reproduce the same bed conditions as are obtained in the 
prototype for corresponding discharges. For determining the time 
scale, the model was run for the three following scales : — 

1 ^ hours-on the model ^ 1 month in the prototype. 

S hours on the model ^ 1 month in the prototype. 

44 hours on the model ~ 1 month in the prototype. 

,, ,1 3.. — correct time scale, records of condi- 
tions a fere a cut in the upstream hela was 

develoi . ^h '2 rate of development of this 

cut in the model compared very satisfactorily with that in the prototype 
oI which accurate observations were available. This happened for the 
time scale 44 hours on the model ^ 1 month in the prototype. (See 


T X I determination to be made was the quantity of silt 

that had to bo injected in the model so that the silt equilibrium condi- 
tions were obtained. It i *i -i -* >• - ^ , 

injected in the course of a • . «-.• '• ^ 

of Ibis quantity of silt wa . • ■ ■ . 

further invcslignlions on iiiis model were carried out by the Hydraulic 
Section and on uccount of theso is given later in this Eeport 
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The effect of Drains on the Seepage from Caiials.^Jn corfcam nreag 
it has been necessary to construct a drainage system near a large canal. 
Recommendations have been made regarding the distance from the 
canal at wiiicli the drain, should be constructed so that increased seepage 
should not talio place. In order to obtain more definite information 
upon which work of this nature could be based in the future, an investi- 
gation of the effect of a drain constructed parallel to and at a distance 
of 1,200 feet from the Upper Gugora Branch, Lower Chenab Canal, 
was undertaken. Tlie discharge of the Upper Gugera Branch in the 
reach under investigation is approximately 4,900 cusecs. 

Three sites on the drain were selected for observation at R. P’s. 
70,000, 07,500 and 05,000. At R. D. 70,000 the bed level of the 
drain is R. L. 082*22 and the width about 15 feet. The corresponding 
canal bed level is R. L. G81 * 17 and the Full Supply level is R. L. 692 * 06. 
Pipes in which the water level could be observed were installed at the 
three selected .sites on lines running at right angles to the drain and to the 
canal. In each line twenty-five pipes were placed, seven pipes on the 
right bank of the canal, the furthest being 1,000 feet from the canal, 
twelve pines between the canal and the drain, and six pipes on the left 
bank of the drain. The lay-out is shown in Fig. 29, the line of pipes 
A ” being at R, D. 70,000, “ B ” at 07,500 and “ C ” at 65,000. 

, ^ After the pipes had been installed, a canal closure of 24 days 
■duration took place. During the closure the water-table fell and ob- 
servations given in Table 11 show that there was a slope in the water- 
table from the drain to the canal. The total drop along the pipes in 
line “ A ” was 0*50", along the line “ B ” 0*75 ' and long the line 
** C ” 0*90'. In line “ A ” the slope in the water-table can be divided 
into a fall across the drain of 0*1' and across the canal of 0*8'. The 
f.all in spring level across the drain and across the canal is duo to the 
flow of water into them during the canal closure. It follows that, 
if the drain and the canal had not been constructed the water-table 
would have had a slope of 0*1' along this line of pipes, that is, a slope 
of 0*1' in 2,400 feet. 

Variable supplies were run in the canal until 13th March, 1939, 
when, as is shown in Table 12, it became steady. Observations were 
made on 18th Jlarch, 1939, and the rises m spring level compared with 
the resting levels of 8th January, 1939, which are given in Table 13. 
In this table the spring level on the right bank of the canal has been 
corrected for the presence of the canal. The table shows that the rise 
in water-level has been slightly greater on the upstream side of the 
spring level than on the -downstream side. The explanation of this 
result is as follows : — 

If the resting spring level had been horizontal in the transverse 
piano and the drain had not existed then the rises on both sides of the 
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canal ^ould have been identical If under this 
Lntal -water-table, the drain had now been supenmposed the uses m 
water-table between the drain and the 1 

those on the right bank of the canal. If the_ dram had • , 

and the water-table had a slope in the resting 
rise in water-table on the upstream side of the slope would 
greater than that on the downstream side. In the case 
Gugera Branch, a drain had been constructed on a 6'oP“S 
and the combined effect of the canal and the dram ® 

rise in the water-table on the upstream side than on the '^“'rn.-tr 
side. This shows that the effect of the drain is small compared wi 
the effect of the sloping water-table. 

The next step in the investigation was to eliminate the effec 
of the drain. This was done by constructing earthen walls in tns 
drain so as to divide it into compartments and allow the water to nea 
iin Three compartments were made such that the Iines_ of oliserv - 
tions nines. A, B and C, crossed the centre of their respective compart- 
ments The water-levels in the drain and pipes rose until they became 
^eadv on 81st March, 1939. Table 14 and Fig. 30 give the resu Us of 
the observations made. It will be seen that the canal supply lo™' 
bv 0-42' during the period 19tli March, 1989-31st March, 1939. Pipe 
No 16 which is situated between the canal and the drain and at a 
distance of 100 feet from the drain shows a rise of 0-40' during the 
same neriod Tliis shows that the expected increased rise on the 
unstream side of the spring level takes place. As the greatest rise takes 
nfa"oe on the upstream side of the spring level, whether the dram is 
working or not, it can be concluded that the dram in its present position, 
1 UOO feet from tlie canal, is not increasing materially the seepage from 
the canal and that this will bo a sate distance to adopt in future drainage 

construction. 

Silt Ohsen'ations at Ilasul Headworlzs . — A series of observations 
^as conducted in 1938 in order that an attempt could be made to 
flrialvso the factors determining the quantity of silt entering the Lower 
nhclum Canal. The following observations were taken during the 
months of Juno, July, August and September 

(1) Discharge in the river. 

(2) Total silt in suspension in the river. 

(8) Slope of the river above pocket. 

(4) Silt entering the pocket at six verticals along a line at the 

mouth of the pocket. 

(5) Depth of silt in the pocket, ' j 


(G) Silt entering the canal in suspension along a lino 20 feet 
away from the regulator gates at the middle points 
of the 8 bays. 
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(7) Total silt in suspension at R, D. 5,000 and R, D, 10,000 

oi the canal. 

(8) The amount of silt deposited iit R. t). 10,000 of the 

canal. 

(9) Pond level. 

The working of the shutters "in the weir bays and R. L.’s of the canal 
regulator gates were also noted. 

Fig. 31 gives a plane-table survey of the River Jholum at Rasul 
during the winter of 1988. From this it will bo seen that the river 
divides into two channels at the cross lino 11-12, the canal taking its 
supply from the left charmel. The discharge in the river in the 
left arm was Qbser\’ed and tho total silt in suspension was determined 
by means of a bottle sampler at *6 depth at the centre of the stream 
in line with gauge 1. B}’ trial observations it was found that the silt 
at *6 depth at this point gave the average value of the silt content in a 
vertical at any point of the river. The quantity of suspended silt has 
been expressed as grams per litre of river water. 

Two gauges marked 1 and 2 existed, gauge 2 being in the pocket 
and gauge 1 in the river at a distance of 2,125 feet upstream of gauge 
Four new gauges were established in the river. These were Si situated 
at a distance of 4,033 feet upstream of gauge 1 and on line Sg 
6,O0O feet upstream of Sj and situated on line 9-10, Sj 5,000 feet up- 
stream of S2 and situated on line 7*8, and S4 6,000 feet upstream of S 
and situated on line 6-6. The river slope was worked out from gauges 
and 1. The slope between gauges 1 and 2 was very sensitive to 

fluctuations in pond level and, therefore, the slope determined from 
these gauges was unreliable. 

Samples of silt in suspensions were taken with a bottle sampler 
at ‘C D on six verticals situated on a line across the entrance to the 
pocket. Tho six samples were mixed together and the total suspended 
silt determined. 

The depth of silt on the floor of the pocket was measured. For 
the present analysis the average depth of silt on a 40 feet length of the 
floor immediately in front of the canal regulator has been utilised. 

Samples of silt entering the canal were obtained by placing the 
bottle sampler in tho pocket at *6 depth along verticals 20 feet away 
from the centre of each of the regulator bays. These samples were 
mixed, tho silt determined and the quantity of silt expressed as grams 
per litre. 

Tho variables to be considered in this analysis have been divided 
into two groups (1) Independent Tariables : and (2) Dependent 

E 
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Variables. Dependent Variables are those -which are controlled by the 
variations in the Independent Variables. For example, the mer 
elope is controlled by variations in the pond level. The vanables 
are : — 


Independent Variables. 


(1) Discharges in the left arm of the river. 

' (2) Silt in the river. 

(S) Temperature of river -water. 

(4) Canal discharge. 

(5) Pond level. 

I (6) Begulation of -weir shutters. 

Dependent Variables. 

(1) Silt entering the pocket. 

(2) Silt entering the canal. 

■ (8) River slope. 

(4) Depth of silt in the pocket. 

The two variables, silt in the river and silt entering the canal are 
inter-connected. In order to study the effect of the one on the other* 
vhe ratio between these variables has been examined and expressed 
afl a new variable “ o( **• 

Silt in the left arm of the river 


'yvhero o( ** 


Silt entering the canal 
A ratio “ 0 ” has also been -wo rked out for the discharges in the 


river and in the canal. 

Discharge in left arm of river 


Discharge in canal 


Variations in the ratio “ p ” are mostly due to variations in the river 
discharge since the canal discharges are generally constant. At times 
fluctuations in the canal supply do occur and p becomes important 
under these conditions in a steady river. 


The variables have now been reduced to , p, the depth ol 
silt in the pocket and the slope of the river. During the four months, 
Juno —Soptenibor, attempts were made to keep the regulation as steady 
ns possible. In the analysis the variables have been tabulated over 
periods of steady regulation and are given in Table 15. From this 
tnWo It bo at oiico apparent that the two factors, river slope and 
depth of Blit in the pocket, are the moat important factors that influence 



the entry of silt into the canal. An increase of discharge in the river 
brings in an increased load of silt in the water and a correspon liri? 
increase of silt into the canal. This fact is welhknown but the proHenj- 
analysis brings out ‘the following : — ’ 

(1) An increase in the river slope brings in more silt into the 

canal. 

(2) An increase in the depth' of silt in the pocket results in 

more silt entering the canal. . ^ 

During 1939-40 it is proposed to study these conclusions more 
rigorously and also to determine the effect of regulation when all the 
•other factors are steady. 

It will be seen that the above analysis is purely qualitative. 
An attempt at quantitative analysis was made but with little success. 
This is due to the fact that the method of sampling silt by the bottle 
sampler is qualitative. Until quantitative measurements can bo ob- 
tained it will not be possible to draw any quantitative conclusions. 
Efforts are being made to devise an apparatus in order to make quanti- 
tative measurements of silt in suspension. 

06seri;ah'ons of Regime Sites. — It has been shown previously 
that the following relations have been found to hold good for the sites 
•■selected for regime conditions in the Punjab : — 

Sxl0’ = 2*09 .. .. .. (1) 

P = 2*82Q'/‘ .. .. .. (2) 

*47 .. .. .. (8) 

■where P, Q, R, S are respectively the wetted perimeter, the discharge, 
the hydraulic mean radius, slope of the channel and ‘ m ’ the mean 
diameter in ram. of the bed silt in the canal under consideration. It 
had been noticed that the relations (2) and (8) hold for regime ns well as 
■for non-regime channels. It was decided to investigate these relation- 
ships more thoroughly. With this object in view, new sites have been 
selected and will be kept under observation. 

Relation (1) has been deduced from channels that flow in in- 
coherent alluvium and in which the perimeter has been artificially pre- 
•pared. It is proposed to investigate this relationship for boulder and 
alluvial rivers in addition. For this purpose a site on the River Ravi 
at Mukoswar where the river just emeses from the hills and where its 
bod consists of boulders and pebbles has been selected. It is proposed 
to take discharges, slope and bed samples at this place over a range of 
discharges from 10,000 cii-ft./sc. to 20,000 cu.ft./sc. the lower limit 
being duo to the fact that for lower discharges velocities are so low 
. e2 
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that no bed load movement is expected to take place and t^he upper 
limit is fixed by the fact that at this stage the velocities •will be so lugn 
that it will not be possible to lake them from a boat. The site bas 
no'W been equipped for the obser\*ations. 

The examinaiion of fhe river Mississippi Data according ^ 
Hegime Formulis derived in During the period Januarj’ lA 

1937, to Jlay 16, 1988, a series of hydraulic observations ^Yas earned 
out by the staff of U. S, Waterways Experiment Station, Vicksburg, 
at Bites marked in the plan of the Mississippi river (Fig. 31a) as 
I, II and III. These observations have now been published as Teclinjc^i 
Memorandum No. 122-1 “ Study of Materials in suspension. 
Mississippi Kiver ” by the U. S. Watei^vays Experiment Station- 
These data afford an exce” • ‘ ‘ ' ’ ■ ■ to 

extent the regime formuljc i • • Institute^ 

can be applied to river sy • ■ . s : fonnulif^ 

derived by Mr. Lacey have also been examined in a similar manner. 

The foilo^vmg procedure was followed in making a compkt® 
field observation. This is reproduced from the above publication. 

Details. — “ To accomplish the purpose of tlie study it 
necessary to obtain samples of river water, velocity measurements 
and other data from various points over the cross-section of the range. 
It •was essential that all measurements involved in a given observation 
be made as nearly simultaneously as practicable. To that end, the 
procedure described in the sub-paragraphs below was developed and in 
general was follows : — 

“ (o) First step— development oj scchon.— The first step in the 
procedure was the development of the river cross- 
section by sounding operation." 

" (b) Second step^setling of rangeposition. — The data obtained 
in step o above was plotted as they were collected by 
the observer. On the resulting cross-section range 
positions were marked off. The cross-section and range 
position lines of Fig. 51 c are typical of the appearance 
of the idot at this stage. Normally the range position 
was spaced at intervals of from 400 to 600 feet. Special 
range positions were placed at points where irregulari- 
■ «( banks existed.” 

(c) Third slep^Uamina of samples. — The boat was brought 
and^ held for the first range position. By use of the 
iionzoiUnl sampling device, samples of river water then 
vere ohtnmed at distances from the bottom, respcc- 
tiyelj*, ns follows : ” 

" 0 inch, S inches, G inches, 1 foot, 2 feet, 4 feet. ST 
use of tho verticil! sampling device, samples of 
nver vafer then woro obtained at depths 0’2, 
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0*4» 0*G, and 0*8 o£ the sounded doi^tli of the range 
positions in question. Samples of surface >Yater 
then were scooped out. "Water temperature wis 
observed at various times. Tlieso observations 
were repeated at filtcmate range positions across 
the section, follo^viiig wliicli the same procedure 
was applied to the remaining range position. Bed 
samples vere obtained on completion of the fore- 
going. operation.” 

” (d) Fourth step — obtaining of velocity measiiremenis. — ^Follow- 
ing completion of step c above, the boat was manouvered 
to each of the range position in turn, and velocity 
measurements were tahcn at practically all points at 
which samples had been taken. Thus in each range 
position velocity measurements w’ere obtained at incre- 
ments of 0*2 of the depth from the surface to the 
bottom and at distances of 2 feet and 4 feet from the 
bottom”. 

During the e.xperiments, a total of ten field observations were 
■made. Each observation involved the taking of from 46 to 114 samples 
and obtaining the corresponding velocity’' measurements. These ob- 
servations have been designated by number from 1 to 10. All obser- 
vations except No. 6 were made at Range No. 2 ; observation No. 6 
was made at Range No, 3. Pig SI b shows the hydrograph of the river 
Mississippi during the period at Vicksburg. The dates on which the 
observations were made are indicated in the hydrogrnph. In this 
•connection it may be noted that Mayersvilla wliere these observations 
were taken is 70 miles above Vicksburg. Reference to Fig. 31 a and 
Fig. 31 c indicates the general features of the Mayersvilla range. It is 
located in a flat bend of the river (radius of curvature about 14,000 
yards). The ratio of mean depth to width at mean low water is about 
1 to 270. The left river bank is composed of firm, silty material ; 
the right bank is composed of sandy deposits and the river bed is com- 
posed of loose sand of varj'ing size composition. 

In submitting this report the Director of the Experiment Station, 
Vicksburg, concludes with the following remarks : — 

This report is essentially a compilation of basic data ; it presents 
no new formula and no far reaching conclusions. 

These data have been analysed in the Punjab Irrigation Research 
Icstitute 

Bcgimc . — Before this analysis could be started it was necessary 
to be satisfied that tlie«e data referred to regime sites. Figs. 81 c — f 
show the cross-section of the river at this site for different stages. 
During the obsen’ations 7 to 10 over a period February IsttoMaylGth 
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oI 1938 the general contour of this river bed remained practically uu* 
altered as is apparent from these figures. For observations Nos. 2 and 
8 where the river discharge was over one million cusecs the river over* 
flowed the banks and the data are not reliable. These have, there- 
fore, been rejected. During Observation No. 6 the supply was lo^ 
and the site was changed to Bange III. Hence this observation has 
also been rejected. Summation curves for the bed silt samples have 
been supplied only for the observations 7 to 10. From these the 
average diameters have been worked out. Table 16 gives the results 
of this analysis. 

As has been pointed out earlier this stretch of the river Ithssissippi 
had been steady for over a period of sixteen months. All the crosse- 
sections of the river taken during this period show that this was the 
case. Those cross-sections taken during floods higher than one million 
cusecs when the river overflowed its banks and during very low discharge 
when only a creek was flowing related to non-regime river conditions. 
These observations have not been taken into consideration in the above 
calculation. 

This analysis shows that the tollowing lelationship derived from 
the Punjab canal data — 

86 

m* 

S X 10^ “ 2-09 

holds good also for rivers such as Mississippi even for such high stages’ 
as given by discharges over nine lakhs cubic feet per second. The cal- 
culated slopes agree remarkably well with the obson-ed slopes m the 
falling stages of the river, while during the rising stage the agreement 
is slightly worse. This may bo duo to the foot that during the rising 
■ ' ' ' ' will bo 

' . • ' ’ ‘ ' all so 

^ j « * ' ■ “ if*? 

in ^age rending as a flood is passing, fluctuation in the gnuage readings 
which when the river is rising are much more than when it is fallin". 

In the table 16 some of the formula derived by Mr Lacey have 
also been compared. The results may be briefly indicated here 

(1) Tho regimo relation V = in is not satisfied tlioueh 

tho foeiions Fir. Slc-f end the Irrigation Research 

Institute forninla Sxl0==2-09 show that the 

■ . O-®' 

j Site is in regime. 
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P ; 

(2) — —relationship which w'os found to hold good for Punjab 

VQ 

.'canal data wth slightly diflerent constants (2*2 to 
3 ‘2), gives very high values for the Mississippi nver. 

(8) Q’^/B=2*13, a Lacey formula modified to suit Punjab 
• condition gives slightly higher values from this set of 
data. 

(4) The two values of f calculated from — • • 

V^l-lSyrBand 

I 3/a 

S -00039 

q 1/3 

differ b}- more than 100 per cent, in some cases. 

The Secretary, Central Board of Irrigation, is to be asked to 
arrange to collect similar reliable data for rivers from India and out- 
side. 

Expcrivwits on Silt Movement in a T%liing Flume . — In this flume 
the bed slope can be varied by tilting the whole flume. The experiments 
already undertaken form part of a series to be carried out to find the 
value of the tractive force exerted by a sandy bed on the movement 
of water over such a bed for various discharges, depths of water and slope 
of water surface. 

To determine the frictional force offered by pipes of different rugo- 
sity Professor Prandtl extended the experiments of Nikuradse on pipe 
flow. The pipe used in these experiments was of a square section, 
three sides being perfectly smooth and the fourth side moveable. 
The rugosity of this fourth sidu was varied and the velocity distribution 
in different cross-sections of the pipe obtained. From tliis velocity 
distribution he deduced the frictional resistances of plates of different 
rugosity. 

It is proposed to modify this technique to suit the open surface 
flow in flumes. The sides and the bed of the flume have been lined 
mth glass plates so that they may offer friction which will be constant 
under all conditions except for temperature fluctuation and will also 
be a minimum for all rigid boundaries. If the assumption that the 
air at the free surface may be taken ns a boundary is valid, then 
Prandtl’s results in a square pipe may be extended to the present case of 
flow in flumes and the following relation can be expected to hold 

• U 0, y 

— = 5 ’5 + 0*75 log 

where { x 

0* =■ V — 

P 
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and u is the velocity at a distance y from the smooth ■wall, t the iiic- 
tional force offerred by the wall and p the density of water, v its 
tic visocosity. If, therefore, velocities are observed at different neignts 
from the bed of the flume along different verticles and u plotted against 
log y we should expect a straight line relation of the form — 
u = m + n log y. 

Velocities have been observed by means of Pitot Tubes in different 
sections of the flume. In Figs. 32 — 40, these velocities have been 
plotted against log 3^ for those sections of the flume where the flow baQ 
become steady. These figures show that u and log y follow the above 
straight line relation of Prandtl. From this it is clear that flow m a 
flume follows the same laws as the flow in a pipe. 

If now it be assumed that and be the frictional forces of tbe 
bed and tbe free surface and d,, (d=dj rdg) be the distances of the 
point of maximum velocity from the bed and from the free surface 
then it can be proved that— 

Zbi^s = djd. 

This follows from the fact that m a fully developed turbulent 
region the frictional force at any point in the liquid medium can be 
expressed as a linear function of the distance from the boundary, eo 
that at any point in the liquid the frictional force is given by— 

Tp 5- Tf, + k y 

At the point where the maximum velocity occurs it is well-known that 
Tp = o so that at this point of maximum velocity — 

Xf, = — kd^ 

Similarly if we start from the free surface, w’e get at the point of maxi- 
mum velocity — 

T5 = — k d„ 

d^ d. 




d„ 


Now froiii Iho vcIocHy distribution cun-os H is possible to know the 
ratio d./d,, SCO Figs. 82-40. It -will bo seen that so long as the boundary 

ratio remains con- 
g the value of the air surface friction as constant. 
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irom these experiments it will be possible to hud the value of the bed 
surface friction T 5 from the following relation — 



where — 

If now this bed be made of different grades of sand and from 
velocity observations we find the corresponding value of A, then — 

where zb^ Aj refer to one class of sand and A^ to a different grade 

•of sand. It will then be possible to find the ratio of their rugosity 
from — 







table 10. 


D/S di«tf>.nce 
in ft. 

Width of the cut in 
^ the model. 

Width of the eoi in 
the prototype. 

Feet. 

Feet. 

Feet. 

0 

7*75 

a -03 

1 

6 07 

C-7 

2 

5 S3 1 

C-0 

8 

5*75 

5-0 

4 

5*33 

40 


4 07 

1-0 

0 

4 0 

3 0 

7 

2 •* 

2*\’ 

8 

2 17 

2-0 

9 

2*07 

2-0 

ao 

2-07 

2-0 

11 

•2*07 

2-0 

12 

j 2*07 ' 

2-0 

13 

2*07 

2-0 


The cut to begin with was made about 50 per cent, wider. 
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table 11. 


Dated SthJaonaiy, 1939. i 


E 

fc 

No. 

>epth of S. L. 
elow top of 
pipes j>tv8 
Soimder’s 
length. 

A lite 

B. L. of 
Snhe^ 
Water. 

[>epth of S. L. 
below top of 
pipes 
Soimdei's 
length. 

B line 

B. L. of 
SnbsoU' 
Water.' 

Depth of S. L. 
below top of 
pipes plu$ 
Sounder’s 
length. 

C I.ae 
B.L. of 
SnlwU 
Water. 


6M4 

683 •’is 

* 6*37 

683*01 

. 7*07 , 

682 31 

2. ■ 

7*11 

683*72 

7 91 

GS3‘!1 

■ 7*40 ■ 

682*36 

■ 

8-62 

683*72 

9-32 

683*10 

' , 5*40 

682*39 

4 

7-99 

683*67 

7*12 

683*14 

6*01 

682*40 

S 

9 ‘56 

683*6? 

7*91 

683*17 

8*44 

682*43 

6 

11*08 

683*69 

13*11 

681*95 

12*54 

682*34 

T 

12*01 

683*66 

10*92 

683*20 

11*09 ■ 

682*6 

C. 0. 

0-09 

683*37 

0*08 

682*89 

0*11 

682*2 

1 

12 20 

683*71 

11*67 

683 *44 

11*68 

682*7 

« 

11*01 

683*73 

13 SI 

683 46 

12*69 

682*4 

10 

8*69 

683 74 

8*70 

683 35 

7*03 

682*5 

11 

8*77 

633*78 

7 03 

683 47 

6 35 

6S2‘6 

. 12 

8*63 

683 87 

6 98 

683 40 

6 06 

682*6 

IS 

8*05 

683*98 


• 

7 05 

682*7 

14 

7*45 

084*19 

*36 

CS3 *60 

7*04 

682 'Ch 

15 

03 

684*61 

6*21 

683*58 

6*^s 

68-’ *0 

1« 

7*01 

684*48 

6*71 

683*57 

C-8J 

68J'0 

17 

0-93 

684*35 

C*5C 

083*50 

6*37 

683 -CH 

18 

C'I9 

684*39 

7*79 

682*54 

7*5'i 

083*0 

19 

6*61 

684*07 

6*09 

683*00 

6*40 

683*9 

D. 0. 

0*28 

683*‘8 

0*79 

683*00 

0*12 

682*3 

20 

4*04 

684 OS 

6*32 

683*54 

5*48 

683*0 

2> 

0*87 

684*11 

7*36 

683*58 

7*09 

683 0 

= 

7*60 

084*24 

5*70 

683*04 

6*90 

633*0 

23 

7*60 

684*20 

6*79 

683*03 

7*80 



0*48 

684*18 

5*75 

683*70 




«• 

684*23 

5*17 

683*76 

8*14 

683*5 


•Pipe !• filled viJh eertK. 
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TABLE 12. 

Ditkd 18tb Mkrch, 1030. 


Ko. 

Depth ofS. L. 
below top of 
pipeipiM 
Sotmder'i 
length. 

A Itne 

R. L. of 
Snbsoil 
Water. 

Depth of S. L 
below top of 
pipes plus 
Soncder'a 
length. 

11 line* 

R. L. of 
Sobsoil 
Water. 

Depth of S. L 
below top of 
pipes p<us 
Sounder’s 
length. 

Cliac 

R. L. of 
SnbsoU 
Water. 

1 

4*68 

C8.1 -40 

3*99 

e84-3a 

6*03 

683*35 

2 

4-35 

CSC MS 

6*01 

685*1! 

6*06 

633*69 

3 

£•50 

6S6‘81 

7*05 

685*37 

3*06 

683*83 

4 

4*59 

687*07 

4*73 

685*53 

4*51 

083*90 

6 

£.97 

687*26 

6*43 

685*05 

6*83 

684*04 

6 

7-40 

687 -37 

10*52 

085*76 

10*77 

684*11 

7 

8>04 

*>87-63 

8-09 

686*03 

9*25 

684*51 

0. G. 

3*20 

692*10 

2*81 

691*72 

2*88 

691*28 

8 

8*23 

687*63 

9*01 

680*10 

9*10 

693*11 

9 

8 11 

637 *33 

11*21 

CM *76 

10*89 

084 •22- 

•10 

6*09 

637 *34 

. 


6*35 - 

684*15- 

11 

5*39 

687*16 

5*36 

CM 74 

4*79 

684*11 

12 

6>82 

686*68 

4*93 

685-45 

4 68 

684*03 

13 

£oC3 

680 *3£ 

6*04 

033 34 

5*82 

684*02 

U 

8-77 

685*87 

5-00 

684*83 I 

6*53 

684*01 

16 

£.11 

085*53 

4*94 

685*00 1 

3 8G 

034*00- 

16 

£-01 

685*4$ 

5-54 

681*74 

0*81 

684*00 

IT 

£•01 

685*41 

.5*48 

684*61 j 

5*41 

683*06. 

IB 

£•76 

685*25 

.5*79 

68(-51 { 

6*M 

683 'OS- 

19 

4*46 

085*23 

.5*21 

684-38 

5-is 

683*91 

D. 0. 

2*16 

683*95 

0*92 

633-17 

0 4'! 

C9-’*(>8 

30 

3-97 

683*05 

5*46 

684*40 

4 3 > 

CS3'9.>. 

21 

8>C6 

683*32 

6*36 

634*58 

6*14 

694*00- 

22 

6>42 

685*32 

4*67 

684*73 

5*95 

694*01 

33 

C*61 

683*43 

5*67 

684*75 

6*85 

694*04 

24 

£•16 

685*50 

4*64 

684*81 

6*49 

631*07 

2S 

£•£6 

C8£*50 

4*05 

684*86 

7*19 

684*10 


*Tba dnini »i« nmainy. 
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TABLE 13. 

Rises in Spring LeVel as recorded on 18th March, 1939 compared witb 
the Resting Spring Level on 8th January/ 1939. 


Distance from tl.o 
water edge of 
the canhi. 

Ilisns ON B LINE 

Difference. 

1 

Left. 

1 

I KisJ't. 

Feet. 

Feet. 

1 ^ 

[ Feet, 

1 Feet. 

200 

2 12 

2 -rc 

i 

800 

205 

)-82 

i '28 

‘iOO 


3 81 

■12 

500 

1-81 

2 -SO 

' *21 

fiOO 

1‘09 

, 1-50 

' '19 

700 

1-57 1 

1*87 

'20 

BOO 

1-47 

2*26 

' 21 


table 14. 


WATER LEVELS IN TIPIS ALONG LINE B. 



Distance of pipes 
from the water 
edge of canal. 

n 

On 

SIst March, 
1939. 

Rises 

in 

Lerel. 


Fec‘, 



Feet. 

1 

1.000 

C84‘39 

634*49 

0*1 

2 

400 

6S5*I 

685*34 

0*23 

3 

200 

6S5‘37 

685*67 

0*30 

4 

100 

685*53 

685*81 

0*28 

5 

50 

685*65 

685*95 

0*30 

6 

]•> 

685*76 

686*08 

0*32 

7 

1 

686-03 

686*37 

0*34 

Caiift] Oatigc* 

0l 

691*72 

692*14 

0*42 


1 

686*10 

686*44 

0*34 

0 

15 

685*76 

686*06 

0*70 

10 

50 


686*11 

.. 

11 

100 

685*74 

686*05 

0*31 

12 

310 

685*45 

685*75 

0'3£) 

13 

520 

685*24 

. 685*59 

0*30 

U 

730 

635*06 

685*43 

0*37 

16 

940 

684*85 

685*31 

0*46 

16 

990 

684*74 

685 29 

0*55 

17 

i 1,020 

684*64 

685*27 

0*63 

18 

1,030 

684*54 

685-26 

0*72 

19 

1,039 

683*38 

685*27 

0*89 

Triln Gauge 

1,040 •> 

1,055 / 

683*17 

635*11 

1*94 

20 

1,056 

684*40 

685*25 

0*85 

21 

1,065 

684*58 

685*27 

0*69 

22 

1,070 

684*73 

685*32 

0*59 

23 

1,105 

684*75 

685*23 

0*53 

24 

1,155 

681*81 

685*27 

0*46 

25 

1,255 

684*88 

685*27 

0*39 




table 15. 

Rasul Headworks Silt Observation, 1933<3L 



DtSCHAHOK. 


1 

SlLY. 

period. 

1 

Canal 

River 

Slope. 

Pood 

«ilt. 

River. 

Cansl 

June. 







1—8 

Steedy 

Steady 

Steady 

Increasing 

705 •9— 8*2 

Decreasing 

Increasing. 

•JO— 22 

Decre&aing 

Increaemg 

. DecretMiog 

Steady 

Increasing 

Decreasing. 

32—26 

Steedy 

Steady 

Suady 

Increasing 
703’3— 704*1 

Decreasing 

Increasing. 

37—30 

Decrte$u)g 

InereaaiDg 

Increa^ng 
•25 — SO 

Increaamg 
704-S— 705*7 

Increasing 

Decreasing- 

■Toly. 







•1—6 

Steady j 

Steady 

Recreasisg 
•32 — 28 

Steady 

Inereaaug 

Decreasing. 

6—11 

Steady 

Steady 

Almost 

steady. 

Increasing 
70C'3— 706-7 1 

Decreasmg 

Inereasing. 

21—24 

Increa«ing 

Dccreaiing 

Incnaong 
•17— -32 

Increasing 
70C'2— 707-8 

Decreasing 

Increasing. 

34— 2nil 

Aog. 

DeerentinK 

InereaMitg 

l>erreasi»g 

•32— -U 

Derreasiag 
707-8— 706-3 

Increasing 

•71—2-8 

Decreasing. 

Aroow. 







3— tt 

Steady 

Steady 

Steady 

Increasing 
706-3— 708-0 

Decreasmg 
2-8— 1-4 

Increasing 

17—22 

l>errea«ing 

Increasing 

Dccreoaing 
•42— *29 

Increasing 
703-0— 705-0 

Steady 

6-63—6-05 

Steady 

34—27 

Incre^tisg 

Drmaaing 

locreaaJng 

•2^-39 

I nereasing 
705-l_705-5 

Decreasing 

Increasicg. 










table is . 
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STATISTICAL SECTION. 

1. Analysis of Data obtained from Institute Experiments 
on Tube Well Models. 

(a) Behtion hetiveen ‘ Dratodoion * and Discharge. — (i) Object . — 
a series of experiments carried out by the Physics Section of the 
ie for the Officer on Special Duty, Tube-well Investigation, the 
charges obtained were observed for varj'ing diameters of the 
' ’r and depths of water in the well. For each case where the 
' ■ :r two quantities had fixed values the discharge (measured in cubic 
'etres per second) was plotted as ordinate against the drawdown 
easured in centimetres) as abscissa, and the plotted points joined by a 
ooth curve. Twelve such curves were prepared and attached to 
e report on ‘ Tube-well Experiments’. 

These carves, in general, showed a more than proportionate 
. 50 in discharge for increases in drawdown. Thus if the first 
•served point (for the lowest drawdown) was joined to the origin 
hivli automatically lay on the curve, os the discharge for a zero 

■ down is zero) and the line joining them produced, the other points 
the curve were seen to lie above this line. It was at first considered 

' ■ the slope of the line would, for the comparatively small drawdowns 

■ dy to be met with in practice, give a fair idea of the ratio of the dis- 
' ^ to the drawdown. This consideration was based on the usual 

^ •' ^dion that the discharge is, under given conditions of depth of 
' lu the well and strainer diameter, directly and linearly proportional 

■ the drawdown. In other words, if Q be the discharge and H the 

■ ’'^wn, it is taken that — 

Q = c.H 

•here c is a constant, so long os Q and H alone vary. 

The departure from this linear relation in the case of experimental 
urves was believed to be, in some measure, due to the finite radius 
^ the boundary taken in the experiments as representing the region 
“influence of the tube-well ; and as nine of the twelve curves had a 
vut radius of influence to the remaining three, this point was 
® examined carefully. In this connection it was suggested by the 
ifficer on Special Duty, Tube-well Investigation, that the slope of the 
^ '^gcnt at the origin to these curves might serve os a measure of dis- 
'*tion. Ho also considered that this tangent was not likely to have 
die same slope as the line mentioned above as joining the origin to the 
5^ observed point. 

. The analysis of these curves by fitting suitable formul© bv 
fiiotistical methods was carried out at the request of the Tube-well 
•^vestigation Officer. 
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(ii) Method of anahfsis.~~As the origin Tvns a point on eachQ-t 
curve, and as the departure from a straight line law was marked,! 
was considered that a relation of the form — 

Q = Cj H -f Cj H' . . . . (1) 

would be suitable. A more complex formula was ruled out in ne 
of the small number of actiinlly obser\'ed points available in some_ 
the cases, and the necessity for adhering to the same form in all t! 
cases. 

The values of cj and cj were found by the method of success! 
differences, with such small adjustments as appeared to be necessa 
for points slightly- off the smooth Q-H cur\’e. 

From (1) it was easily seen that on differentiation, 

dQ /dH = c, + Qc.H .. .. (2) 

As dQ/dH gives the slope of the tangent to the Q-H curre 
at any point it is obvious that the slope of the tangent at the ongffl 
is given by — 

(dQ/dH) -c, .. .. (8) 

n-o 

Hence the value of c^ gives at once a rough idea of the ratio 
of the discharge to drawdown for ve^ small values of the latter for any 
given cun’c. If tliis is compared with the slope of the line joining 
origin (0,0) to tho first observed point (Qj, Hj), the validitj* of tin 
adoption of this slope as the discharge*drawdo%vn ratio for small 
Toluos of drawdown is tested. 

The Forinidw. Comparison of actual and calculated values.- 
Tho following table shows tho values of Cj and Cj. in formula (1) for vary 
ing R (radius of boundary), D (depth of water in well) and S (strainer- 
diameter). All the three quantities are measured in c.m. — 
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lie actually* observed valnes of Q are compared -with tlie cal- 
' in the follo^ring tables, separately for each curve : — 

table 17. 




Xo- 1 

B. 

2*5 

5-0 

7-5 

10-0 

12-5 

lS-0 

Q 

(ftCtiuI). 

1-20 

2-4S 

4-03 

8-30 

7- 10 

8- S3 

! ^ 

1 (ralcnlAtfd). 

1*22 

2- 84 

3- OS 

5-82 

7*17 

S-04 

1 Diffmat*. 

—•02 

— -06 

•03 

•07 

•03 

—•09 

Jfff- 2 

2-5 

1-44 

1*43 

•01 


5-0 

2-INI 

2-04 

A*.7. 


7-5 

4-62 

4-53 

—•01 


10-0 

« » 

6-20 

•03 


12-5 

7 OS 

7-98 

•03 


2-5 

1-8S 

1-89 

—•01 


3-0 

$20 

3-23 

—•03 


7-5 

4-94 

4-92 

•02 


lO-O 

6-68 

6 00 

•02 

Ktt. 4 ,, 

2-5 

1-30 

1-33 

— 03 


fi-O 

2-72 

2-7S 

— 06 


7-8 

4-36 

4-38 

•01 


JO-0 

6-10 

0-04 

•M 


12-6 

7-85 

7 83 

AV 


15-0 

0-76 

0 ?S 

— M 

Ko. 6 

2-8 

1-81 

1 80 

PI 


8-0 

3*18 

9-13 

— 00 


7*8 

4 S7 

4-FO 

— 03 


10-0 


6 

A.J, 


lS-8 

KBil 

8 80 

•M 

Ko. 0 .. 

S‘8 

1-68 

1-67 

•01 


8-0 

5*80 

9-49 

•fl 


7*8 

e'«3 

B-49 



10-0 

7*82 

7-82 

•VO. 
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(it)) Deductions. — (1) It is obvious that the linear relation U 
'inadequate and the quadratic fairly accurate for expressing the ‘dis- 
• charge-drawdomi ’ relation, as far as these 12 curves are coTicemed. 
Whether this is due to the fact that the flow increases more rapidly 
I than the head or is due to some unknown factors or errors cannot he 
i discovered from the data. 

(2) The relation between Q and H takes, for constant conditions, 
the form — 

Q = Cl H + Cj H" . . . . (1) 

with an accuracy of 8 per cent, or higher. The formulie are collected 
together in the following table. (The figures in brackets refer to curve 
^ Nos.). 

I (a) Boundary radiu 8=50 c.m. 


Djttr o» 
WITXEIS 

Duutna or STsism. 

6 e m. 

7*7 c.m. j 

1 

10 '1 e.n. 

9-4 

•434 n + *0088 {!) 

1 

•308 n + •0003 B* (4) 

•520 n + ‘0160 H® (7). 

11*0 

•553 n + -0064 H* (2) 

•574 n + *0104 B' (6) 

•656 H + ‘0006 H® (8). 

14'S 

■328 H + -0040 H“ (3) 

•640 H + *0112 H* (6) 

•758 H + 0101 H® (9). 


(6) Boundary radiu8=100 c.m. 


Uhth OrWATZBCt 
mi WILL. 

Diawetib or Stbautcb ■■ 15^2 o.*- 

12‘7 

1-420 n + -0280 n’ (10). 

20-3 1 

2 -oso n + '0180 n* (ii> 

30 >5 

2-660 n -f -0143 n* (12) 


They show that the co-efficient of H (which is the limiting value 
tho discharge-drawdown ratio for very small drawdowns) 
increases Trith the depth of water in tho well and with tho diameter 
cf the strainer. But doubling the diameter increases this index by 
“Ctwocn 12 and 20 per cent. only. 








Similarly an ihcreaso in tli© depth of water is not reflected by & 
proportionate rise in the value of the index, which is increased by 
amounts vai^ng from 25 to 50 per cent., when the ^ameter rises 
from 9*4 c.m. to 14*5 c.m; in case of the three groups in (a). 

(S) The co-efficient of BP does not appear to be very clearly 
associated either with variations in depth of water or with the changes 
in strainer diameter, 

(4) The boundary effect is not evalnable as the other conditions, 
as also the porosity of the sand, are different in the two oases. 

(u) Discharge-Drawdown Baffo.— The following table shows 
the slopes of the tangent at the origin and of the line joining the origin 
to the first observed point for each of the twelve curves : — 


Curve No. 

Cl 

Slope of the line 
joining the origin 
t*' the first p'^int. 

Difference. 

1 

•464 

•480 

—•016 

2 

•556 

•576 

—•020 

3 

•626 

•682 

—•006 

4 

•508 i 

•520 

—•012 

6 

•574 j 

•604 

—030 

6 


•672 

—•082 

7 


•552 

—■032 

8 


•COO 

1 —*001 

9 


•768 

' —-010 

10 

1-420 

l-S.-SB 

— •180 

11 

2-OSO 

2-123 

—•043 

12 

2-566 

1 

2*704 

— •038 


It is thus seen that the slope of the line joining the origin to the 
first point gives a value higher than C| ; the difference, however, being, 
except for one case, nowhere greater than 5 per cent, of the correct 
value of Cl. For ordinary purposes for which Cg is not to be introduced, 
the difference is probably negligible. 

(b) Belation beltceen ‘ Discharge-Drawdoum Batio * and * Length 
of Strainer ’ i.e., depth in the Objeef.— The Officer on Special 

Duty, Tube-well Investigation next requested the relation between the 
Discharge^Drawdown ratio' (Q/H) and the depth of strainer (D) 
to be studied. The general-belief is that the two should be linearly 
oonnectod. 

The data were re-arranged in fifteen groupa 
II whi^ the valaos of K (Boundary radius), S (Strainer 
and H (Drawdown lioad) wore the same. Tho values of 


for each o 
diameter), 
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calculated ^rithin each group and plotted against, as also 
^nded fay, D It noticed that in each group Q/HD decreased as D 
^creased, Md thoo^ it appeared that the relation could he adeciuatglT 
descnbed fay a formula of the form— 


Q/H (H constant) = a, D— a, 

where Oj, a. _\rere positive quantities, constant for a given ‘ dran■do^Yn * 
w considered that ihe limited quaniity of data given by the experi- 
conclwion to be accepted only after actual verifcaiion 

j ,, (yO ConcliwioM, — ^The discharge from a tube*Tvell per unit 
j per nnit drawdown decreases, for a given drawdown, 

' , . ® oepth of strainer is increased. (Provided the boundaiy radius, 
rainer diameter and transmission constant of the medium do not 
vary). 

{^) Summary.—^TliQ discharge from a tube-well model increases 
more rapidly than drawdown and less rapidly than length of strainer. 

drawdowns the discharge can be taken as directly pro- 
portional to drawdown, other conditions being the same. The con- 
•elusions are subject to verification in the field. 

2. Rise of water table in the Recbna Doab (Lower Half}* 

, («) Objeo/,— It was remarked by one of the Cliief Engineers 

t W co-efficients between the rate of rise of water- 

able and the rainfall over any given area were explicable as being caused 
y the sensitivity of the high water-table in those areas to the fluctua- 
annual rainfall, and that low co-efficients might be expected 
m the areas where the water-table is at a creater depth from the natunvl 
surface. 


The lower part of the Rechna Doab was selected for investiga- 
tion, as the water-table in tliis area is not close to the surface and the 
mean annual rainfall is not so high as in some of the other areas pro- 
'lously investigated. This w'as expected to give some test of the other 
•common belief as to the high co-eflicients being caused by the largeness 
the annual rainfall. 

(h) The Statistical Analysis.— {i) Thr Dofa.— Daily minfall llgurM 
Were obtained for 17 regularly obscrvwl rain gauge ^taiinns lying in 
the tract bounded by the rivers Ravi anil Cheual^ do\vn»tr\‘imi of « boo 
Jpugbly joining Pindi Bhattinn, Snugla luul Kel NHuf);vh:ir. (iluj 
uno is believed to approxiinntelv ooinvide witli tin' fiiMomiiitMn ndgo 
bcatod across the doab by the ilTavity Survey pvrty of the In-titule). 
^be arithmetical mean of these atatioiei \v*v< laleii us nM'rv^ontalivo of 
fho average rainfall over the anvi. and lh<' avi'r.ige vnlnei groupisl to 
Sivo 5 days’ totals for suhsequciit irvAlnifnl. 
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The average rate of rise (Sd) ^as obtained by taking the A. 
of the rises recorded from June to Jane in each of the 93 selected oh 
serration Tvells. 

The period covered by the investigation was 1905'06 h 
1936-37, 

(ii) 27ie colculafions. — ^The trend in the values of the annaa 
rate of rise of water-table was found by fitting a fifth degree poly 
nomial cnrv’e to the annual values. This curve is shown in Fig. 41. 

The departures of the annual rise from the slow change cnrv 
were obtained as the variations to be accounted for in terms of fl® 
tnations of annual rainfall, actoal — poly) 

I The five day totals of average rainfall were reduced to tl 

BIX variates a', b*, f', whidi are the co-efficients, for any 

year, of the various terms in a time series designed to express tl 
seasonal changes of the rainfall. 

The rate of rise measured from the slow change curve as tl 
•reference curve was correlated with the corresponding values, for i 
•the 82 years, of the rainfall variates, and the multiple correlation ai 
percentage variance calculated to find the e.xtent of the association 
the rate of rise and the variations of rainfall. 

The regressions o! the rate of rise on the variates were reduc 
so as to give the mean monthly effects of the changes produced in t 
rate of rise by unit departures of the rainfall in the given months frc 
the mean values, for all the years, of those months. 

(in) Discussion of results. — (1) The slow change curv’e in Fig. ‘ 
can obviously be divided into two parts. The first part which cov( 
about 14 years from 1907-08 to 1919-20 shows a gradual decrease 
the annual rate of rise from about 1-5' to *75'. The second part 
the cun'G from 1920-21 to 1936-87 is remarkably straight with a co 
slant value of about *75'. It is interesting in that ; firstly, in no otl 
area has such a straight portion been obtained for such a long period 

• about 18 years, and secondly the ordinate does not tend towards ze 
as would be expected from the behaviour in other cases. 

In this connection similar curves were worked out for Low 

• Clienab Canal (Upper half) and Upper Ghenab Canal. In none of the 
cases has the rise steadied. A correlation between the slow cbaDj 
curves for the two halves of tlio Lower Chenab Canal gave a co-efficiei 
of *981, showing mter-connection of the rises in the two areas. 

^ (2) ^le regression curve for the tract was slightly unusual i 
fihowmg a high maximum in winter months. This was explained b 
the veiy scanty rainfall in these months. 
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The average regression for Jnl.V, August and Soptombcr, tahon 
together vras about *8. An extra inch o! monsoon thus apparontly 
sends up the annual rate of rise by about four-fifths of an inoh. 

These three months contribute, beWeon themsolvos, 7*45', 
i.e., nearly § of the total average annual rainfall of 11 *14'. 

(S) The multiple correlation co-efficients and tho percontago of 
sum of squares of the departure of the annual rate of rise from tho 
slow change curve, "which are explicable in terms of the variations of tho 
rainfall are shown below for each of the three areas : — 


Area. 

llnltiple 

Perccntnito 


Correlation. 

Variance. 

Lower Chenab Caual (Upper) . 


1 89 

Upper Cbenab Canal 

•89 

1 

Lower Chenab Canr.l i^Lower) . . 

•90 

1 76 


(ia) Conclusions. — (1) There is a high dcgreo of correlation 
between rainfall and rise of water-table in the lower half of tho Rochna 
Doab, where the water-table is fairly deep and tho rainfall low. ' Tlio 
suggested association of tho high correlation with tho high rainfall or 
high water-table is not supported by this particular area. 

(2) The water-table in this area is rising at a steady rate of O' 
per year for the last 18 years. This rate of rise shows no signs of slacken- 
ing, 

(9) The slow change curves in Lower Chonab Canal (Uppor) 
and Lower Ohenab Canal aro liigbly oorrolatod indicating that 

either the upper area is affecting tlio lower or that similar factors aro 
operating in both tho cases. 

3. Verification of P^Q and R-Q RclnlioniilupB from 
Channels in Gujramvnla Division. 

A hydraulic survey of tho clmnnoh* in (liijrnnwnlii Diviolon 
yas carried out in Kharif. 1^37 and tlio roHults riM’oivotl in llio in-imuto 
in the year under report. Tlio data wore onitMiliilnd nnd ohoolo’d ond 
the hydraulic olomonts ovahmtod. 

Tho formnlto — 

V = 2-B Q'/“ 
and R -47 

were tested against tho data. 

The following lobh* slmus Ibo inMiO” »d mI 

vrith R. D.'s and dates of iiUnii". hUd lilt' udo* ■ i‘M . 1' 

and B (calculated). M'ltn ojlidfisl H'-l i-HilMo- t’". rod U. 

therefore, not reprodneed In hill 
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TABLE 18. 

Comparison of actual values of Hydraulic Mean Radius with those 

1/3 

calculated from the Formula, R = *47 Q for certain 
sites observed in Gujranwala Division in 
Kharif, 1937. 



Name of Channel 

R. D. 

Date of 
observa- 
tion. 

Q 

(cnsecs). 

R (r 

Actual. 

eet). 

Calculas 

led- 

1 

^urpur Diatrihulary 

6,000 

11.9*37 

44S 

3-38 

3-60 

3 

Buraia hlinor 

600 

Not given 

21 

1 39 

1*30 

6 

Kila hlian Singh hfinor 

10,000 

Do 

54 

1-73 

1*7« 

7 

Ladhevala Minor 

500 

Do. 

13 

-92 

I-IO 

6 

Dharitral Minor 

500 

Do. 

3-8 

•62 

•73 

14 

Norptir Piatfibutary 

124,000 

Do. 

66 

1'05 

1'90 

17 

Naoahehra Dirtributary 

Head 

Do. 

470 

3-70 

3 '67 

31 

Ditto 

97.825 

2S-6-37 

148 

2-S6 

2'40 

22 

Manfoki htlnor 

650 

30-6-37 

35 

1 58 

1'54 

3S 

Sfukta Minor 

850 

28*0*37 

42 

1-46 

D63 

•41 

Natiahchra Dxtributary 

130.206 

15-0-37 

87 

2-09 

2'08 

44 

Waran Minor 

1,200 

16 0-37 

57 

1 72 

I'80 

47 

Kathlali Minor 

69.000 

2-10*37 

27 

1*39 

2 -41 

48 

KaVargtl Sob-Minor 

1.000 

24-10*37 

ID 

1 16 

1*25 

33 

Shabokl Sab-MiDor 

i.ooo 

20-10*37 

20 

ri8 

1^2S 

06 

Kulbwli Minor 

12.600 

26*10*37 

03 

2-25 

2^]3 

00 

Shrlkbtipiira pKtnbtitary 

I.OOO 

i3.ro.37 

250 

3*00 

2-06 

03 

Ditto 

88,000 

13*8-37 

96 

2 02 

2-15 

04 

Ditln 

129.000 

17.8-37 

41 

l*f,0 

1-62 

CO 

•liiranpura Pi.tribuiaiy .. 

Head 

15.9 37 

14 

1-19 

1‘13 

7 

Kurikr Minor 

Do. 

20-10-37 

33 

1-.50 

1*61 

78 

Tor Minor 

Do 

2-8-37 

20 

M8 

1*27 

7 

Fhelkbiipofa Diclributary 

39.750 

5-9-37 

185 

2*73 

2*63 

t. 

Jlarder Miner ,, 

Head 

5-9-37 

13 

1*03 

I-IO 


The logarithmic plotting of tho values of Q, of R (observed) 
and ol tho formuU R -nQV^ is 31,0^ 42. 
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The following table shows the values for P (actual) and P (cal« 
culated), with names and R. D’s. of some of the channels : — 

table 19. 


Comparison of actual values of Wetted Perimeter with those 

1/2 

calculated from the Formula, P ~ 2’8 Q ' * for some of 
the sites observed in Gujranwala Division in 
Kharif, 1937. 


Name of Channel. 


n . D. 

Date of 
obserra- 
tion. 

Q 

(cusees). 

P 

ActuaL 

5,000 

11 - 9.37 

448 

54*3 

600 

Not giren 

76 


500 

Do. 


0*8 

500 

Do. 

81 


750 

Do. 

93 


151,000 

Do. 

16 

11*3 

25,000 

30 - 6-37 

358 


650 

30-0 37 

35 


72,760 

31 - 7.37 

203 


850 

30 - 7.37 

34 


97,825 

18 . 8-37 

140 


25.000 

28 - 9-37 

372 


650 

28 - 9-37 

42 


130,206 

16 - 8-37 

85 


1,200 

J 6 - 8-37 



59,000 

28 - 8-37 


16*2 

1,000 

2 - 10-37 



1,000 

29 - 9-37 

20 



29 - 8-37 



1,250 

25 - 10-37 



1,000 

27 - 10-37 


44 ‘6 


17 - 8-37 




22 - 9-37 

33 

14 6 

88,000 

20 - 10-37 




17 - 10-37 




2 - 8-37 




6 - 9-37 



39,750 

10 - 10-37 



Head 

16 - 10-37 




CalcoU* 

ted. 


Nnrpnr DiitribuU^ 

Kila llias Singh Kliuor 
LadhevaU Minor 
Oobmdpur Minor 
Argsa Muor 
Nnrpur Distnbtitar; 
Namhehra Diitributaiy 
Masgoki 31inor 
Kauahehra Distnbutarj 
hlukta Minor 
Kanahehrs Diatributary 
Ditto 

3Iangoki 31inor 
Kau<hehr» Distributary 
Waran Slinor 
Knthiali janor 
KakaT);il Snb*minor 
Bhahoki Sab-minor 
Kothiali ilinor 
Ditto 

Bheikhupura Distributary 
Ditto 
Knrlke Minor 
Sheikhupnra Distributary 
Jiwanpur Distributary 
Bheikhupura Distnbutarv 
Tnr himor 

Bheikhupura Distnbntary 
Hardev filmor 


S9'S 

at 

10*1 

25*2 

26*9 

11*2 

63*0 

16*7 

39*9 

16*4 

33*2 

64-0 

18*1 

25-9 

20*2 

13*8 

11*7 

12-6 

27*2 

30*3 

43*6 

17-9 

16*1 

28'3 

0'7 

32*8 

12*5 

37'9 

10'6 


logaritlumc plotting o£ the values o£ Q, of V (observed) and of the 
lormula P = 2-8 Q ' ' in Fig. 43. 


4. Statistical EKamination of Seepage Losses on the Lower 
Chenab Canal System. 

A corDTnittee 'waS appointed by the Irrigation Branch to estimate 
the seepage losses on various branches of the Lower Chenab^ Canal 
system. The committee decided that the best method of estimation 
would be one in which the average monthly losses between observed- 
sites on any branch, under steady conditions of supply, are worked out 
from existing discharge records for a number of years and studied 
by calculations of mean and probable error for the entire period. 
By knowing the losses in any given reach of the branch, the losses in its 
entire length were to be calculated on the assumption of propor- 
tionality. 

The monthly losses for different reaches were worked out by the 
Discharge Division for a period of 20 years and their means and probable 
errors for these 20 years were calculated in the Institute. These were 
plotted so as to show for each channel the curve of mean monthly losses 
and the two curves showing mean plus or minus the probable error. 
The hand formed by the latter two curves gave the interval in which 
the seepage losses may be expected to He in half of the total number of 
years. 

The probable error was usually found to be quite high as compared 
with the moan. 

The analysis of the total variance for each channel into the 
components duo to months, years and the residual variations was also 
carried out and it was found that in most cases the changes between 
months and from year to year could account for a significant proportion 
of the total variance. This analysis is now being extended. 


5. Analysis of the Results of Hun-'off and Soil Erosion 
Experiments. 

(а) Ohjecl . — Follovdng the experiraonts at Madhopur, similar 
experiments were carried out by the Forest Department at Nurpur 
for verification of the harmful results ol loss of plant cover as revealed 
by the former experiments. Tho matter is of interest to irrigation 
engineers in view of tho possible association of soil erosion in the hills 
with higher floods in summer and reduced supplies in winter. 

(б) Data.— Six trays wore used in these experiments. Each 
tray had an area of 3,125 sq. cm. and tho volume of water run off its 
BnrtncG moasurcd niter each ehiwer and expressed as a percentage 

The soil eroded, 

?“/ o=T>rcssed in terras of the soil that 
re« c£JcLf in tL Insane 
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(c) Summary of the Data . — Tho quarterly averages for the period 
July 1037 — December 1088, are shown in table 20 : — 

TABLE 20. 

Summary of the Results of Soil-Erosion and Run-off Experiments 
at Nurpur July 1937 — December 1938'. 

(a) PERCrKTAOE HUN-OFFS. 





Mean FeBCEKTioE nuir*OFF. 



Total 

rain. 

Tfttyt. 

Trayi 

Tmyt 

‘ 1 

2 

3 

^ 1 

5 

6 



Grass. 

Grass. 

Grass 

and 

Scrub. 

Grass 

and 

Scrub. 

Bare. 

Bare. 

1937. 

Inches. 







JnJj—September 


20*0 

21*2 

15*2 

19*4 

3S'l 

41*6 

October— Dwmber 

9*72 

S'S 

2.f3 ; 

3-1 

3*9 

38'6 


JinuaiT— Marcb^^^ 


16*8 

32*1 

7'6 

6-6 

42>4 

51*0 

ApnI-Jaao 


15*4 

13*3 

4*1 

10‘6 


oa*i 



11*2 

12*3 

0*1 

8>6 

60-3 


October— December 

•67 



4*6 

1*6 



Total (18 moQthe) .. 

98>61 

16>1 

19‘2 

9'4 

12>2 

46*4 

49>6 


(6) MATERIAL ERODED (100 lbs. PER ACRE). 


Period. 

Total 

Total esosion oe boil. 

1 



Trey#. 

1 

B 

B 

B 

1 ^ 

1 ^ 

Grass. 

Grass 

Grass 

and 

Scrub. 

Grass 

and 

Scrub. 

Ba,,. 

Bare. 

1937. 

Joly^eptomber 

October — December 

T 1938. 

Jannary— Match 

April— ^une 

i^^yrSeptember 

October-December 

Total (18 months) . . 

37*89 

9*72 

10-91 

9-01 

30-31 

•67 

29-6 

1-6 

3-4 

3-1 

3-9 

36-6 

4-0 

4-5 

6-0 

6-6 

33-1 

•6 

1- 5 

2- 7 
7-2 

Not mw 

42-7 

2- 4 

1-2 

3- 3 

4- 0 
Mured. 

169-0 

0-8 

9-4 

61-9 

220-2 

209-4 

12-4 

12-3 

45-5 

166-1 

93-61 

1 41*3 j 60*6 j j 1 

j 461-2 j 

435-8 
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(c) Deductions . — The above table shows that • — 

(1) About half the water received as rainfall by a bare surface 

runs off and does not soak into the soil. [See table 
20 (a), last entries of last two columns]. 

(2) About one-sixth of the water received by grass-covered 

land runs off its surface, while for land covered with 
grass and scrub thd proportion is only one-tenth (see 
table 20 (a), last entries of columns under trays 1, % 
3 and 4). 

(3) Trays with similar cover — grass, or grass and scrub, or no 

cover — behave within limits, in a similar manner. (The 
dissimilarity of the behaviour of trays 1 and 2 is due to 
the width of the tray 2 being smaller than that of tray 
1, and to some experimental errors). 

(4) The different quarters of the year do not markedly affect 

the percentages of run-off. 

(5) There is a gradual increase (leaving the last quarter out 

when there is little rain) in the proportionate run-off 
from the bare trays. In the first six months the run-off 
was about 40 per cent, of the water received, in the 
next six it was very nearly 50 per cent, and in the next 
quarter it jumped to 60 per cent. 

The covered trays show no such changes. 

(6) The bare trays lose soil, on an average, at about ten times 

(and sometimes more than ten times) the rate at which 
grass or grass and scrub covered trays lose it. The 
latter two types of cover do not appear to be unlike 
between themselves, [see table 20 (&), the totals of 
columns under trays 5, 0 ; 1, 2 ; 3 and 4]. 

(7) The greatest loss of soil is in the monsoon months whatever 

be tbe t3'pe of cover (see entries for July~September 
for nil trays). 

(8) It is possible for a bare acre of soil to lose, in 18 months, 

over twenty' tons of surface material ; while the 
covered aero hardly loses two tons (see totals of columns 
under various trays in table 20 (6)» The values have 
been changed to Ions). 

Diagrams shoeing the main features of the above data 
^ a glance were prepared. These are reproduced in 
Ibg. 44 (a) and Kg. 44 (6). 

A complete statistical analysia has also been carried out. Tbo 
results are being exanunod. 
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6. The Silt Probiem. 

The problem continued to occupj' the major place in ihe activities 
of the Statistical Section, and tho work done can bo divided into the 
followng parts : — 

A.— Knowledge of silt movement as applied to design of 

REGIME CHANNELS. 

(а) Checking, correction, iabidation and record of hydraulic data 
received from Bescarch Overseers . — (t) Most of the observation sites, 
which were being observed Inst year were closed towards the end of the 
present j'ear, parti}' due to the transfer of overseers to other duties 
and partly due to enough data having been accumulated at each site. 
Again it was noticed that some of tho regime formulsn in some cases 
fitted data collected from general surveys of a number of channels,, 
whose regime ■was not established by investigation. It was, therefore, 
necessary to examine such channels more carefully so as to fix attention 
only on such (ormulte as were applicable to regime sites alone. 

The disposition of tlio sites for the greater part of the year, 
however, w’as : Sagar, Nanuana, Kot Khudayar and Tawan (Lower 
Chenab Canal). About fifteen sites w'ere obser^•ed daily at these 
stations and the forms containing the discharge data were sent to 
Lahore. All these forms were checked in the Statistical Section and 
the mean deptli, bed width, and Kennedy’s critical velocity ratio were 
calculated and checked. Tho discharge elements were then tabulated 
separately for each site and the mean values w'ere calculated after every 
month, any days of low or fluctuating supplies being omitted. 

(n*) The extended rating tables showing velocities at intervals 
of one second for varying numbers of revolutions for the newly supplied 
or re-rated current-meters were prepared and sent out to the overseers. 
This enabled a check to be exercised here on the velocities shown and 
guarded against any wrong interpolation by the overseer. 

(б) Calculations for silt size disiribtitton curves . — (i) Each of the 
overseers, took, on an average, one or more bed silt samples every week 
from each of the channels under his observation. These samples, 
after analysis by the optical lever siltometer, gave pressure-time 
measurements, which were reduced to give the percentage distribution 
of particles according to their sizes. 

(it) A large number of the samples received from other sources 
■^ere analysed by the Puri siltometer, which gives the weights of the 
particlgs of various sizes present in the sample. The percentage dis* 
tnbutions were calculated for all these samples also. 

Altogether nearly fifteen hundred samples were so treated. 



(til) The constants m (rreighted mean size) and a (the standard 
deviation, ■which measures the dispereion of other sizes about the mean 
size) -were calculated from the percentage distribution for each sample. 

(c) Correlaiions for conneding silt movement tdfh the design of 
channels . — The relations obtained by correlating the silt characteristics 
nnd the hydraulic elements are described in the report for the last year. 
No ne'w correlations "were undertaken during the rear. 

(d) according of ieinperaiure and silt in suspension at the Over- 
seer's sites. — (i) The hydrometers which are designed for reading the 
silt in suspension are calibrated in the laboratory before issue and 
recalibrated if they or the thermometers are damaged in use. The 
corrections to be applied to the reading are obtained for a few tem- 
peratures and the resulting curve is utiHzed by the Statistical Section 
for interpolating values at intervals of 0*1®C from 9®C to 35®C. 

Such correction tables for more than 20 hydrometers were 
prepared daring the' year. 

(ti) The amounts of the silt suspended per litre of water as 
determined by the hydrometers, and also the temperature of the canal 
water were tabulated separately for each overseer’s site for each day. 
The mean temperature was calculated for each month. 

B. — K>'OWLEDaE OF SILT ENTBT INTO CANALS AS AFFECTED BT 
THE SUFPLT AND REGULATION AT THE HeaDWOBKS. 

The volume and gradation of silt entering the canals through the 
head regulators undervatying conditions of river supply and headworks 
regulation was determined by analysts stationed at the mainheadworks 
of the province. The relation of river and regulation conditions to the 
entry of silt was studied for the Ferozepur beadworks and a report 
submitted to the department. 
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HYDRAULICS SECTION. 


Tlio 5\'ork in the Hj'draulic Section hns boon concomod with 
liver training, the design of regulators, the reconditioning of existing 
works, the examination of rigid modules and silt invostigationa. The 
larger models were studied at the Eivcr Research Station at Malikpur 
and the smaller models in the flumes and trays at Lahore. 

The Prevention of the Erosion of the River Banhs Below Panjnai 
ifeaduorfcs.—Erosion downstream of tlie Pnnjnad Headworks had 
been taking place on the left hank and had severed the flood embank- 
ments. Retired embankments had been constructed hut those wore 
also heavily attacked and an attempt was made by pilchlii protection 
to hold them up. This erosion, as well as a heavier one on the right 
hank of the river, was considered to bo the result of the formation 
of a large bela downstream of the centre of the weir. The loft channel 
of the river was taking about one-third of the total discharge and the 
right channel two-thirds. If the erosion continued the protection of 
the station area and buildings would become very expensive. It was, 
therefore, considered necessary to bold the river in its present position 
and an investigation was commenced to determine the most suitable 
method by which this result might bo obtained. 

A model of the river for a distance of one mile upstream of the 
weir, that is to the confluence of the Rivers Sutlej and Chonab, and 
fij miles downstream of the weir was constructed in the tray. The 
following scales were adopted : — 


Horizontal Scale . . . . • • 


Lateral Scale .. •• 

Vertical Scale .• .. 1/JOfl 


The discharge scale was calculated according lo J f i. i 
and the time scale was fixed at one hour on iiio nindnl hi’l ifl 1 . . , 

to one month on the prototype, Ono fiiiliic foot of hiomI w»a 
per hour in order to maintain nod orjiiilibriiuu. 

Cross Sections of tlio 

available for nrnl I !«(7. Tim '''T '1 ,T, , iL , |Ia U|'a„( 

sections and the di«ehKr(/<« for I'* .JunrvoV nf lliii lieil 

were run. On the eo,n|dell-.l. «l "u ""h 

made and cornimred v/lfh Ih'' I'Pin r7i,.rwiiiin llieinndtd and llio 
toand that thcrevnia a very rinse (iHremii'nil hid ween I he Hindi me 

prototype. 
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During 1938, observations were made on the current direction} 
downstream of the weir in both arms of the river. The development 
of the left bank erosion was also recorded. The model having been rm 
for the 1937 discharges was now continued with those of 1938 and the 
current directions, velocity observations and bank erosion recorded. 
The current directions for both the prototype and the model for eiimkr 
conditions are shown in Kgs. 45 and 45-A. A comparison of the tvo 
diagrams shows that there is close agreement. 

Fig. 45 also shows the bank conditions after the run for 1938. 
It will be seen that the dowel bund and the left embankment have be^ 
washed away and only the new retired embankments remain. Thh 
agrees with the results obtained at Panjnad by the 1938 flood 
season. 

Velocity observations were made in the left channel and it was 
found that the highest velocity occurred near the bund. This had also 
been reported to be the case during 1938 at Panjnad. 

Suggestions had been made regarding tbe protection of tbe bant 
by spurs. The following were investigated : — 

(A) An extension of the downstream left guide bank. 

(B) The construction of a ‘ T ’‘headed spur at R. D. 6,600. 

(C) The construction of two spurs at B. D’s. 3,600 and 6,500 

downstream of tbe weir. 

A. — The extension of the left gtade bank . — The left guide bank 
was extended for a distance of 2,000 feet. The maximum action on 
the prototype during 1938 had been found to occur when the discharge 
was 150,000 cusecs during a period of 25 days. Accordingly, to test 
the effect of the extension of the guide bank, a discharge equivalent 
to 150,000 cusecs was nm. Current directions were observed and the 
erosion of the bank was studied. The results are shown in Fig. 46. 
The following conclusions were drawn from this tost ; — 

(a) The flow' occurred along tho banks for a distance of 1,500 

foot downstream of tho extended guide bank. 

(b) A slight flow occurred along tho bank between 3,500 fcot, 

and C,500 feet downstream of tho weir line. 

(c) Tlio erosion of the left bank at 7,500 feet downstream 

of the weir lino is much more severe wdth tho extended 

guide bank than it was w’itU tho original. 
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(d) As tho experiment progressed, it was noticed that a larger 
proportion of the discharge tended to flow in the left 
channel. 


It was concluded that tho extension of the guide bank did not afford 
the amount of protection required. 

B. — Construciion of a ' T ’-headed spur at B. D. 6,500. — A 
T ’-beaded spur was constructed at R. D. 6,600. The nose of the spur 

was situated at tho higher part of tho bcla and the deep channel was 
closed. Similar river conditions to those in test A were run. The 
results are illustrated in Figs. 47 and 48. It will be seen from this 
figure that as a result of the construction of tho spur : — 

(а) The water flowing through bays 4 and 6 now enters the 

right channel. 

(б) The flow from tho bays on the loft side of the weir takes 

a course round the nose of the spur well away from the 

left bank. 

(c) Upstream of the spur there is reverse flow but the velocity 

is low. 

(d) Downstream of the spur there is a large area in which 

reverse flow is taking place. 

Tbe conclusion reached as a result of this test is that the spur forces 
a large portion of the supply into tho right channel causing much 
greater action on that bank. 

C. — The construction of iioo spurs at B. D.’s 8,500 and 6,600 
dovmsiream of the iceir. — The noses of both these spurs were situated 
m the deep channel. The jesult of this test is shown in Fig. 49.^ The 
observations show that the construction of two spurs results in the 
main current in the left channel being kept well away from the river 
bank for a distance of 9,000 feet downstream of the weir. 

. The preliminary experiments having shown that _ the most 
« method of protecting the bank was the construction of two 
T -headed spurs, the investigation was continued to determine : 

(a) The optimum length of the spurs and the optimum dis- 
tance between them. 


{h) The most suitable shape of the spurs. 

(c) The optimum length of the head of the spur. 
i^^each test the model was run with a discharge equivalent to 200,000 
®ecs for a period of two hours. 

of the length of the spurs and the . 

i^’'^The position of rthe first spur was fixed at B. P* 8,600 below 
■^eir line and the position of the second spur was raised. 
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first series of tests the spurs projected into the river for & distance of 
700 feet. The results are shown in Table 21 in which I is the length 
of the spur and d the distance between the spurs. 


table 21. 


Distance 
between 
the spurs. 

d 

1 

Oonditions 
of flow between the 
the spurs. 

Attack on the D/S 
of the 2nd 
spur. 

1,500' 

2'15 

Main flow at a distance 
from the bank. Dead 

1 water near the bank. 

Attack D/S of the Sni 
spur. 

2,000' 

2-86 

Main flow at a distance 
from the bank. No flow 
' near the bank. 

Attack a little forth” 

downstream. 

2,500' 1 

8-67 

Very low velocity near the 
bank. 

still a little farther deem- 
stream. 

8,000' 

4-29 ! 

Low velocity near the bank 

Attack very far 
' stream. 

4,000' 

5-72 

Main flow gets nearer to 
tbe bank. 

Definite kick away he® 
the bank. 


Kg. 50 shows the directions of flow ol the main current for some of ths 
above cases. 

Prom Fig. 50 and the results in Table 21, it will be seen that when 
< 1/2 =s 2*15 there is a severe attack on the bank immediately down* 
stream of the second spur, "Whon d/1 =» 2*86, the current npstreaffi 
of the first spur is deflected away from the bank but again attacks 
the bank not far from tbe second spur. WTien d(l = 4*29, there iJ 
no attack on the bank for a considerable distance downstream of th^ 
second spur. In tbe case of d/l=6*72, tbe river having passed tbe first 
spur tends to approach the bank in between tbe spurs and the velocity 
near the bank is high. It was concluded, therefore, that when d// »*= 
5*72, the distance between the spurs was too great to afford the 
ma^muto protection. The most satisfactory result is obtained when 
the ratio d/1 is between 4 and S, 

^0 experiments were now repeated with the length of the 
ow feet. The results are shown in Table 22 and illustrateo 


TABLE 22. 


Diatanco 
between the 
spurs. 

d 

1 

Conditions 
of flow botwocn the 
spurs. 

Attack on the 

D/S of the 2nd 
spur. 

1,500 

8 

No attack. Very low velo* 
city. 

Attack near the D/S of 
2nd spur. 

2,000 

4 

No attack. Low velocity 

Attack is at a little dis> 
tance D/S. 

2,500 

5 

No attack. Low velocity 
along the bank. 

Attack still D/S. 

4,000 

8 

: Definite attack at 1,500’ 
i U/S of 2nd spur. 

Attack very far D/S. 


The results shoTv that 600 feet spurs are os effective os the 700 
feet spurs when the distance between them is such that d/1 = 5. 

Further testa were now carried out with spurs 800 feet in length 
and it was found that they were not so effective ns spurs 500 feet in 
length. 

( 6 ) Investigation oj the viosUsuitahle shape oj the spur s^^VarioxiB 
types of spurs were suggested for investigation and the following were 
es;axuined : 

(») Straight spur. 

(»») Hockey spur. 

(tit) Inverted hockey spur. 

(tv) * T ’.—'headed spurs. 

The measurement taken for comparison was the depth of scour 
the nose of the spur. The results are shown in Table 23. 


TABLE 23. 

Shape of spur. 

Jlnximum sc6ur measured 
from a fiixed datum of 
840 K. L. 

Straight spur 

Hockey spur radius 500' “ T. 

Wed Hockey Spur 

^••bpurHead = 500 

80-7 

85*n 

26*0 

27'2 






It ■will be Been that the least scour is obtained -with the invenea 
hockey spur. In this case, however, there was a much greater draw 
of water along the upstream face of the spur than in any other type. 
The depth of scour with a * T * •(. headed spur is slightly greater than 
with the inverted hockey spur but it is located at the upstream nose of 
the spur and it is not so extensive. The * T * •/. headed spur was selected 
for further examination. 

(c) Determination of the optimum length of the head of (he spur,— 
The results of varying the length of the head of the spur are shown 
in Table 24. 


TABLE 24. 


Length of 
^ T ’-Head of 
Spur. 

Depth op Scoub. 

! 

DistanceP/Sal 

which the roais 
flow ocentred 

along the leh 
baUk*. 

1 

' U/S Nose, j 

1 

T. Pivot. 

D/8 Nose. 

500' j 

27-2 

21*2 

18-6 

2,500' 

400' 1 

80-0 

28-6 


2,200’ 

800' I 

31-0 

24*7 ; 

22-6 


200' 

1 

82-0 

29-0 1 

1 26-5 



Prom this table it ■mil be seen that the shorter the head of the 
spur, the smaller is the distance protected do^vnstream of the spur. 
The depth of scour along the head of the spur and at the downstream 
nose for the various cases is shown in Figs. 62 and 63. These figures 
show that as the length of the head of the spur becomes smaller, the 
iiepth of scour along the head becomes greater. A spur head 500 feet 
in length appears to be the most suitable for the protection of the bank 
nnd the stability of the spur. 

The protection of the left bank of the river resulted in increased 
erosion of the right bank. An investigation was now started to deter- 
mine the best form of protection from the right bank. The effects 
of single and double spurs were oxorained in a similar manner to that 
for the left bank and it was found that two spurs 500 feet in length 
afforded the greatest protection. Pig, 54 shows the final arrangement 
of the spurs recommended. 

(2) Otic Iraininp oj the River Chenai above KhanK Heaiim'h-— 
Smeo the reconstruction of the weir certain changes have taken place 
la tlio nvor at laanki due to alterations in the method of rocalation. 
Ab a result of theso changes certain difficulties in feeding the canal 
°° investigation of the further course of events w»> 
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The yreit at Ehanki consists of the left, centre, right under- 
sluices, and the shuttered bays. The Lower Chenab Canal takes 
eff above the left undersluices. The Channel to the right undersluices 
has been over-developed with the result that belas have extended in 
the left channel and it is now difficult to use Bay 4, the centre under- 
sluices. If the right channel develops further there may be some 
■difficulty in feeding the canal in times of low supply. The following 
are the main points submitted by the Chief Engineer for investigation — 

(1) "UTiat is likely to happen to the main heJa if the present 

methods of regulation are continued, and is a sub- 
. sidiary bela likely to grow in the left channel ? 

(2) What should be done to obtain the greatest advantage 

froni Bay 4 ? 

(8) Is the right channel of the river drawing off more than 
its fair share of silt ? 

(4) What distribution of supplies in the two branches of the 

river will give the optimum silt entry into the canal 
in — 

(а) Summer. 

(б) Winter, 

(5) How far the present silt ejector is performing its function 

of excluding coarse silt from the canal and what 
discharges should be passed through the silt ejector 
tunnels at different stages of the river for optimum 
results ? 

(6) What additions or alterations, if any, are required in the 

existing silt ejector to make it more useful? 

(7) To investigate to what extent heading up of the supply 

at gauge number 13 helps to exclude silt from the canal? 

•5 , . preparation and verification of the models was undertaken 
1 ^®’^^®^^tical Section and an account of the prelimina^ work 
TT,. , in the report of that Section. From this point the 

j Section continued the investigation. The survey of the 
r >.nd the lay-out of the model is shown in Figs. 55 and 56. 

■of re 7 °^* ^ likely to happen to the main bela if the present meptods 

left continued ana is a subsidiary bela likely to grow in the 

And ^ river bed was moulded to the 1938 cross-sections 

was conditions of 1937 were run. After the run a survey 

^ade and an examination of the data disclosed the following - 

(*) The two small belas between spurs B. 2 and B. 8, dis- 
appeared and an embayment was found resultmg m a 
severe attack at the nose of spur B. 3. 
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The two belas in front of the embaymenfc betv 
spurs I. L. A. and G. H. U. A. formed into a la 
beia with channels on each side of the bela. 

(Hi) The main river bifurcated at a point upstream of 
nose of the central bela. 

(in) The right channel developed and the belas in this cba 
disappeared. The right face of the main bela 
eroded and the nose of spur A washed away. 

(v) The creeh close to the main bela which used to 
to Bay 4 became choked. The water entering tb€ 
channel flowed along the left bank to the left ut 
sluices and then parallel to the weir to Bay 4. 

(t?i) There was considerable erosion of the left bank bet 
the new Palkim Spur and the left protection bund. 

Having made the above observations, the run was conti 
with the river discharges of 1938 and the channel again surv< 
The survey showed 

(i) By the end of June the right channel was over-devel 
and the point of bifurcation of the main stream 
moved to a place just downstream of spur G. H. - 
Looking dorvnstream from Spur B 4, the main ohi 
flowed along the line of spurs to the light undersb 
Immediately upstream of the nose of the ce 
bela a small portion of the discharge entered th' 
channel. The w'ater in the left channel flowed 
small creek to the Palkhu Spur and then along th 
guide bank. 

(ri) In flood, three-quarters of the discharge flowed i 
the right channel and one-quarter do\vn the left 
(m) As the river fell in September it became difficult t' 
the supplies into the left channel for feeding the i 
owing to the formation of belas in the left channel 
The answer to the question can be summarised as follows ; 


A continuation of the present method of regulation will i 
in the oyer-dovelopment of the channel to the* 
undersluiccs and the silting up of the channel ti 
left undersluices. It will thus become difficult to 
the canal on a falling river. 


t* . should he done io obtain the greatest advantage of Bay^ 

^10 object of the construction of Bay 4 was tho development ol 
left arm of the nver and to pass the surplus discharge. It was desi| 
to take 1..5,000 cusecs but owing to the development of the right 
Ol the nver the channel to Bay 4 was deteriorated and it con bi 



pass half of tho supply for ^vllicll it was designed. Since the right 
channel takes the major portion of the discharge in flood, the bay& 
of the right channel are endangered. 

The first step in an attempt to use Bay 4 ms made by connecting 
the bay by a cut to the right channel. 

A cut ms mode in the main bela from a point opposite spur 
A to Bay 4. The cut ms GO feet -wide, 12 feet deep and 2,200 feet 
long. An attempt -was made to develop the cut with the winter 
freshets. The model was moulded to the river survey of 1938 and a 
discharge of 10,000 cusecs was run at first and was later increased to 
S4,000 cusecs representing freshet discharges in January. The follow- 
ing pond levels were maintained : — 


Right pond at R. L. 730. 

Left pond at R, L. 729. 

The central undersluices were opened as much as possible 
In a period equivalent to two days the cut widened to 150 feet. The- 
next freshet discharges run were 39,000 cusecs and 76,000 cusecs with 
pond levels at R, Ls, 782 and 730*6 on the right and left respectively. 
As a result the cut developed to a bed "width of 450*0 feet. This was 
increased to 850 feet when the April discharges were run. The mode 
■was also run during May, June, July and August. 

At the beginning of June, it was noticed that the whole of the 
bela on the right side of the cut was washed away and only the bund 
which divided the weir into two portions remained. The conditions 
of flow at this stage were interesting. There was a channel to Bay 
8 ; a second to Bay 4 and a third on the left to the left undersluices. 
The bifurcation of the stream towards the right and the central under- 
sluices took place opposite spur A. The action at the nose of the main 
bela was severe. By the middle of June the bund at Bay 5 was wasnea 
^way thus connecting the two channels. It was noticed that a ou 
80 per cent, of the supply passed through the right channel and tfte 
approach of the river from Bays 8 to 8 was practically straight m fiign 
flood discharges. ^Mien the river fell in September it was found that 
^0 water passed dom the left channel below a discharge of 20,U0U 
cusecs and the canal supply came from the right channel. 

- In the next test the model was run for a low 

It was found that the cut developed fully during the June discharges 

and the final conditions were almost the same as those obtained in tho 

previous test. , , 

It has been shown from these tests that the cut 
e bund which divides the weir into two is wnshed away. -Rfv^ 

ge of the main bela is eroded and the ^ ® ^ovne4 

tAv? ^.straightens out.- Severe action develops at the n , ^ / 

If the nght edge of the bela is further eroded it is probable that m flood 
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■the central current may take a course straight to Bay 1 or the lelt 
undersluices. The bed of the river in front of Bay 8 becomes slightly 
raised and discharges in the left channel drop almost to zero. In 
low river the canal is fed from the right causing parallel flow along 
the weir from Bay 6 to the left undersluices. 

If this method is adopted on the prototype the groynes of Bay 
4 shall have to be dismantled or strengthened. 

The effect of dismantling the bund at Bay No. 5 connecting 
Bay 4 to the right channel and constructing a bund to the bela from 
Bay 3 has been examined. 

As the central bela had extended to the groynes of Bays Nos. 4 
■and 5, a cut 50 feet wide was made between Bay 4 and the bela. A 
-discharge of 25,000 cusecs was run and the canal was opened. The 
follo^ving pond levels were maintained : — 

Bight B.L. .. .. .. 7S2'5 

Central E.L. .. .. ..781-0 

LeftE. L, .. .. .. 7S1-5 

The whole of the discharge in the right arm was passed through Bay 
4 and the originally narrow passage widened to 260 feet. Parallel 
flow started from groyne 6 to Bay 1. At groyne 4 the action was 
severe. Smooth flow took place along the bela, no erosion taking 
place w'ith a discharge of 25,000 cusecs. The portion of the bela in 
front of Bay 5 w'as attacked and consequently the passage widened as 
the discharge increased. On the left side, Bays Nos. 1 to 3 showed 
signs of silting up. Downstream of the nose of the central bela the 
left stream divided into two branches one along the Palkhu spur and 
the guide hank and the other along the left guide bank which entered 
the regulator. The other flowed along the bela to Bay No. 1 curving 
along the upstream divide wall. 

A discharge of 76,000 cusecs was now run. After half an hour 
a portion of the bund from the bela to groyne 8 gave way. The 
discharge was then increased to 100,000 cusecs. The shutters in 
Bays 0, 2 and 1 were dropped to pass the surplus over that taken by 
the central undorsluices. The toil end of the bela was not erode'd 
with this discharge. There w.as, however, some erosion of the rif^ht 
edge of the bela in front of spur A. Parallel flow still persisted from ' 
Bay 7 to Bay 4. One important change brought about with this 
increased discharge was that the channel first approached Bay 6 and 
then took a course to Bay 4 . 

.V V ,^“3 next raised to 150,000 casccs and this broke 

tno buna, iho path of flow was, however, similar to that observed 
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"with 100,000 cusccs discharge. Tlio distribution oi discharges for the 
two halves of tho weir was as follows : — 

Gusecs. 

Right , . . . . . . . 89,000 

Left .. .. .. .. 40,000 

Swirls of appreciable magnitude formed at groyne 5, 


In order to study the distribution of supply during high floods, 
discharges of 204,000 cusecs and 400,000 cusecs wore run. The bela 
was over-topped in the case of 204,000 cusccs, tho water spilling over 
f^m right to left. Bay 4 under these conditions did not pass the 
designed discharge duo to bad curvature of flow. With a discharge 
df 400,000 cusecs tho whole of tho hole as well as the bund was over- 
topped and the flow was more or less evenly distributed. 

The result of the test shows that running tho model for a period 
equivalent to one year, the section of the river in front of Bays 5 and 6 
does not widen ‘matorinlly. Flow to Bay 4 still takes place along a 
course parallel to the weir from Bay No- 7. Before reaching Bay 4 
it strikes against the bund and this bund may fail as the velocity of 
the water against it in ordinary discharges is from 8 to 10 feet per second. 
In low discharges the tail of tho bela may extend towards the w’eir 
Bays 4, 5 and 6. On the left side Bays 1 to 8, unless they are worked 
frequently, are bound to silt up. 


Connecting Bay 4 to tho right channel does not lead to a great 
improvement. Due to a bad approach to Bay 4 ; this Bay does not 
fake its full share of the discharge. 

The idea of Mr. Nicholson in constructing Bay 4 was to obtain 
curvature of flow' above the undorsluices so tlint tho silt would tend to 
pass to Bay 4 and the cleaner surface water to the Head Re^lator 
of the canal. Owng to the growth of the bela in front of Bay 4 duo to 
fhe alterations in tho system of regulation the object of Bay 4 could 
pot be achieved. In an attempt to develop the channel to Bay 4, 
u was decided to investigate tlie effect of spurs on tho left bank. A 
/ -headed spur 500 feet in length was constructed in the position ot 
the Old Palkhu spur. The bed was moulded to the 19^8 survey 
the discharges of 1987 were run. It was found that them was a 
tendency for the channel to Bay 4 to develop with this f'pur. 

Ptfferent lengths and in different positions wore then tried 
improvement took place with a spur 700 feet long and situated lOU 
leet upstream of the Old Balklm spur. 

A second spur was now constructed in tho position 
57. The second spur improved conditions rnn^idern y 
channel to Bay 4 developed, some of the belas being washed awaj . 

: ^ile investigating the effect of spurs, the silt Jq i 

esch of the cases was also determined. For each test 
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was laid out according to the 1988 surveys and a discharge of 85,000 
cusecs was run for a period of 6 hours. The silt entering the canal 
during this period was trapped and measured. ^ The results are given 
in Table 26. It will be seen that the construction of one spur reduces 
the silt entry to one-half and the construction of a second spur reduces 
it a further 10 per cent. 

From these experiments it will be seen that the maximum 
advantage of Bay 4 can be obtained by two methods. The first 
method is to make a leading cut in the main bela from the right tolelt. 
By this means, the approach to the bay is made direct and the bay 
receives its designed discharge. The objection to this method is the 
reverse action that takes place upstream of the weir. 

The alternative method is to combine two spurs in the left 
bank in such a position that the main current is forced to develop the 
channel to Bay 4. This method has the added advantage of reducing 
considerably the silt entry into the canal. 

The remaining items of the investigation are still being 
studied. 

Experiments in the remodelling of Dhanaura "Regulator. — Consider* 
able silt trouble has been experienced in certain branches of the IVestem 
Jumna Canal. In order to minimise these it was decided to stablise 
the reach ofc anal above Dhanaura Eegulator by raising the Full Supply 
Level and thus flattening the slope. Information was required on 
the levels upstream and dowmstream, the protection required down* 
stream and the design to be adopted in remodelling the regulator. 

A section of the existing work is given in Fig. 68 and the altera* 
tions proposed are also sliown. A model of the existing structure 
was examined. A discharge of 6,200 cusecs was run with upstream 
and downstream water levels corresponding to K. L. 85S-27 and 853-14 
respectively. The results are plotted in Fig. 69. 

The crest was then raised in three stages ; — 

Stage No. 1 .. .. . . B. L. 848-52 

Stage No. 2 .. .. B. L. 849-91 

StageNo.S .. .. .. E. L. 850*91 

The first and the third stages of the raised crest were o.xamined 
for the following conditions of flow while the second stage was examined 
for full supply only. 

(1) Full supply .. 62,000 cusecs. 

(2) (o) Low Supply .. .. 6,000 cusecs. 

(i>) Ditto .. _ g retrogression. 

(S) (o) Low Supply .. .. 4,000 cusecs. 

(V) Ditto .. __ 3 retrogression. 



81 


The proposed design for tho first stage is 'shown in Fig. GO. The 
model was run in each case for a period of 4 hours. Tho observations 
were taken for all the different conditions of flow. The results obtained 
are given below. The downstream water levels were maintained the 
same as given by the Superintending Engineer. 


FIRST STAGE. 


Oisoharge. 

Downatwain 
TTutcr bvcl 
Rtaintainod. j 

1 

Upslrcara 

Kxperi- 

mijntslly 

dct<'rtmnotl 

IcTcl 

a 

*SW 

Is j 

‘ ; a *0 
O 5 ^ 

•g« R-S 

«0Q S 

3 

ii 

ooa 

2CJ 

f-S 

tl) 

u; 

^>5 


ruJJ - Supply 
C2.000 cusecs 

R L 833-H 

S5t 03 

854*27 

2 *03 

1 A big 
! back 
roller 
formed 

"■ j 

Nil 

Supply 
5,000 eusew. 1 

R L. 853'41 1 

853.79 
gate could 
not be uted 
as ita uw gsTo 
a mioimum 
lerel of 

855.10. 

854*27 

with 

gate. 

2*62 

pitto 

1 

1 

b 

Nil 

1 

1 

liOw Supply 1 

5,000 euMcS. 

It.L, 849-44 I 

Ditto 

Ditto 

2*64 

Xo back 
roller. 

‘ 

0*5* 

Supply 

4,000 eBifcs 

Supply 

4,000 cuseca. 

II.L. 851*94 

B.Ii 848*94 

) Gated pond / 
{ S54 -27 ) 

{ gate open. ; 

’ mg 2 C8'. C 

1 854*27 
3*45* 


Ditto 

Ditto 

d 

Nil 

Kd 


In all the above cases the value of 0 obtained from the experi- 
ments was lower than that obtained by the office calculations. 

SECOND STAGE. 


^ In the second stage the crest was raised to It. h- 849*91. 
Ihe bed of the cistern was at the same B. ti. as that in tho first 
stage. The full supply discharge of 0,200 cusocs was tested. A largo 
back roller was formed while no scour took place. Tho calculated 
^nd the experimentally determined upstroani water levels and tho 
co-efficients of discharge are as follows : — 

Calculated. Experimentally 

determined. 

Upstream Water Level B.L. 855*27 B* L. 855*80 
Co-efficient of Discharge 2*80 2*70 
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THIRD STAGE- 

In the third stage the crest was raised to R. h. 850-91. AH 
other conditions of experiment were the same as in the first two stages. 
All the discharges were examined, the results obtained are given in the 
table be^ iw and shown in Fig. 61. 




Uktkeau Lzvn, 

‘ 0 ’ Calculated 2 ■ 8 
Experimentally 
detemined. 



1 

n.s 

LereL 

Di’cbarge 

Uk 

cuseca. 

I Espeti. 

1 raentally 

1 deter- 
! muied 

1 

Calcnlated 
hy S. E. 

CoQcUtion of 
flew at 

D. S. end. 

Scour. 

fz 

S53'14 

j 

Fnllj Supply 
6.2<>0. 

1 

'■ 856-85 

1 

R.L. 856*27 

1 

A large back 
roller fornsed 

Nil 

• 

S52-44 

5,000 cusccs 

‘ 856*25 

1 noD-gnted 

856*27 

gated. 

2*62 

Ditto 

1 Nil 

b 

849-44 

5,000 TOseca 

856-13 

oon-gated. 

Ditto 

2*6!) 

Back roller 
absent. 

! *56' 

* 

8S1-S4 ' 

4,000 raaeca 

856-27 1 

1 856*27 


Ditto 

Nfl 

i 

848*&4 1 

4,000 ciifi«C3 

856-27 

1 1 



Ditto 

Nil 

< 


lUPROVEUEKTS EFFECTEP IN THE PROPOSED DESIGN. 


(fl) S1iaj)c of the Ci$fem , — ^In the original desi^ the bed of the 
cistern was joined to the downstream floor by a glacis with a slop© of 
1 in 8. As a result of the model tests it was shovm that the vertical 
drop was much more effective than the sloping glacis in reducing the 
action downstream and in throwing the high velocity jet to the water 
surface. In all later models this design of cistern was adopted. 

(5) Slofe of upstream edge of crest . — From the tables it will be 
seen that 0\e value of the co-efficient of discharge determined experi- 
mentally was considerably lower than the calculated value. In order 
to increase the value of the co-efficient, experiments were carried 
out on the effect of the shape of the upstream edge of the crest. It is 
found that if the upstream edge of the crest was an arc 2 -4 feet in radius, 
then the co-efficient increased from 2*C to 2 -9 in the cose of a discharge 
of 5,000 cusecs in the experiment in the third stage. A curved edge 
as above was recommended. 


(c) Dot^sircam edge of crest . — In the proposed desiem, the 
WEl extended from a distance of 2 feet downstream of the cate fine. 
This projection appeared to reduce the effect of the cistern. Experi- 
ments showed that when the crest finished at the cate lino, the cistern 
•svns roore effcct.TC m di^ipating enorgy. This Enggestion Tvas incor- 

poratad m the design. The final design is ahoim in Pig C 2 . 




Invesligation of a model of Jaha Level Crossing, U-p^er Jhehm 
CanaL— *Tlio Jabn Level Crossing conv^s torrent -u-ator across tho 
canal. The crossing was constructed in 1911 and was of a total 
length of 91 feet. Duo to retrogression, the length of the floor has 
been increased a number of times and now tlio total length is 394 
feet. Retrogression is still in progress and further damage occurred 
in 1938. An investigation was started to determina the most suitable 
method of chocking tho retrogression and stnblising the structure. 

A model of tho existing structure was made to a scale of 1/40 
and tested for the following conditions : — 

(a) Total discharge of 5G,000 cusccs, corresponding to a 

discharge of 93*3 cusccs per foot run, with upstream 
water R. L. 809*05 and downstream water R. L. 
790*11. 

(b) Total discharge 1G,209 eusecs, corresponding to a dis- 

charge of 27'0 cusccs per foot run, with upstream 
water level R. L. 806.55 and downstream water level 
B. L. 795*70. 

(c) Total discharge 12,091 eusecs, corresponding to a discharge 

of 20*1 eusecs per foot run, with upstream water 
R. L. 800*55 and downstream water B. L. 795*70. 

^ The following observation'i were made for each of tlie above 
conditions of flow : — 


(i) Water surface profile. 

(tt) Depth of scour and general retrogression, 
{iii) Velocity determinations. 


It is found that with discharges of 27*0 and 20*1 eusecs per 
foot run little action took place. With a discharge of 93 *5 eusecs 
per foot run there was considerable aption. The results for tho test 
are shown in Fig. 63. It will be seen that no standing wave formed 
on the pucca work. Hurdling took place in the sand bed below the 
^ork and produced a deep scour hole. 


The model was now altered according to the design shown in 
64. Below the ‘ C ’ lino of wells the glacis was given a slope 
f} in 4 to the downstream B. L. 778. A horizontal floor 44 feet 
^ Jength was then added. The model was examined for a dischaigo 
of 98*8 eusecs per foot run and it was found that a deep scour hole, 
equivalent to 21 feet, was formed. The effects of a baffle wall and 
JJfggeted blocks was determined. While these reduced the scour 

action was still heavy. 
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The horizontal floor was now extended by 38 feet and the effect 
of a baffle wall and staggered blocks again examined. This showed 
•some improvement. 

The E. L. of the floor -was now lowered from 778 to 776 and the 
experiments repeated. This test showed that the standing wave 
now formed at the toe of the 1 in 4 glacis and that the scour had been 
reduced to about 5-8 feet. It was recommended, therefore, that the 
floor should be lowered to E. L. 776 and connected to the epdsting 
work by a glacis with a slope of 1 in 4. The length of the horizontal 
floor should be 80 feet and it should be protected by a system of stagger- 
•ed blocks. Such reconstruction would render the work safe for the 
present. 

The question of checking further retrogression is now to be 
examined. A model of a length of the Lower Jhelum Canal, the 
Level Crossing and the Jaba Nullah has been constructed to a scale 
of 1/20. Work on this model is now in progress. 

Design of falls on the Pakpatlan Link, Haveli Project . — Three 
falls of between 6 to 7 feet were to be constructed in the Pakpattan 
Link which had a maximum discharge of 700 cusecs. This gave an 
opportunity of testing out designs in the laboratory and comparing 
the results with those obtained in the field under similar conditions. 
The designs for the falls were prepared by Mr. Kanwar Sain of the 
Central Designs Office, by Mr. Montagu and by Mr. IngUs. Models 
<Df the falls were constructed and examined for similar discharge 
conditions. The designs of the falls are shown in Figs. 65, 66 and 67. 
The observations made in order to compare the falls were bed scour, 
side erosion and the co-efficieut of discharge. The following table 
shows the figures obtained : — 



Montagu Fall. 

Inglis Fall. Central Designs 
Fall. 

Bed Scour, . 

4-47' 

Nil 

1-74' 

Side erosion 

4-93' 

Nil 2*26' 

Co-efficient of discharge 

’ 2-90' 

3'00 

2*90' 


In the experiments the IngUs fall was fitted with a baffle and 
deflector wall recommended by him. The Montagu fall and the 
Central Designs fall had plain floors. In a further test both the 
Montagu fall and the Central Designs fall were fitted with sta«y"0r6d 
blocks. The results of the test are given below 

Montagu Fall. Central Designs 
Fall. 

BcdBcour .. .. .. 1-07' gat deposited to « 

depth of 0‘76'. 

Sido erosion .. .. NU Nil 



Tho finnl comparison from tho laboratoiy experiments shows 
-aat the Inglis fall gives a higher co-cfBciont of discharge than the others. ’ 
With the addition of staggered blocks, the Central Designs fall gives' 
dmilar results to the Inglis fall so far as bed scour and side erosion are' 
concerned. 

Falls to tho three designs have been constructed but at the time 
)f writing no results of their behaviour are available. These will be 
reported later. 


A Rapid Method for determining the Uplift Pressures on models 
3 / Tfeir^. — method for demonstrating tho flow under models of 
weirs by using a small capillarj* tank was described in the Annual 
Report for 1938. During tho present year the method has been 
developed so that it is now possible to measure the pressures. A 
photograph of the apparatus is shown in Kg. 68. 

Small holes were drilled through tho brass plate forming the 
back of the capillary tank and to these brass nipples were fitted. The 
ripples were connected bj’ rubber tubing to a circular brass chamber 
U mch in diameter and 1 inch in depth. Twelve holes were drilled 
in the circumference of the chamber and one in the centre of the upper 
fiwfaee. Brass nipples w’ero soldered in tho holes and connected to 
the rubber tubes. Each nipple of the chamber was fitted with a 
stop.cock so as to close the connection between the chamber and 
tank when desired. 


The central nipple of tho chamber was connected to a micro* 
Manometer so that considerable accuracy in reading the pressures was 
obtained. 


. In order to use the apparatus, the pressure transmission chamber 
IS filled with water, special care being taken to remove air bubbles. 
Air bubbles are also removed from the connecting tubes. The pressure 
transmission chamber is then connected by the series of tubes to the 
^pples in the capillary tank. A celluloid model of the work to be 
ested is then inserted in the capillary tank and the upstream and 
Qo^nstream levels adjusted, When tho levels have become constant 
each point of the capillary tank is connected to^ the pressure trims- 
^ssion chamber in turn by opening tho appropriate stop-cock. Ino 
pressure is transmitted from the chamber to the manometer and 
observed. After observing tho pressure at one point tho stop cock 
c osed and each of the others opened in turn. 

A. 1 obtained by this method have been oxh^stively 

theched with those obtained by the electrical and hydrauhe oaethods 
K? CO the results by tho different methods is given in 



Silt Survey of the Lower Chenah Canal . — A silt survey of the 
canal has been comraenced on the Main Line and all branches ^th 
the object of determining the effects on the canal of the silt excluder 
at Khanki Headworks, The observations during the year are outlined 
in Table 20, together with remarks as to their ultimate utility. 


table 26 . 


FsxQOdor. 


Ob'icri ntion^. 

In time 

In distance. 

Ultimate Uti'ity. 

<)) RarapIiDg of bed silt from 
ceatn o/cbannfl &ad Its 
anafyaU 

j Hstf-ye&rly.. 

' Evary ndla 
t ot cftsnDcJ. 

The grads of bod sdt « useW to 
fixing the optironm slope ott“* 

' bed 

<3) Levels of veatersarfeo* are 
read from paugvq 

I ifostblj’ 

' Ditto .. 

1 

As » seasitivs lade* of the 
ment of bed silt 

{i) Lsvels of lilted bed obtalaed 
by somdin^s. 

Half-yearly. 

Ditto . . ; 

For estimation of amount of 
and scour ot (<aeh point. 

<4) fitrrface «](Uh« nml dspttie . • 

Ditto .. 

Ditto .. 

To watch changes m the quao^ 
ties with changes In the lu 
grade and for cfiTfHUtmg welto" 
fierimcter. 

(5) hainj'Vii «if hilt belon- off- 
tsbf. 

Ditto 

Below bead 
of offtake 

To study the distribution of si 
hotwceil jian-nt and offtake 

fO) Uimtiniw of /To* of water 
nf WfiiTritions 

At SsRsr 
Boebtaaa and 

Ifsnnana. 


To study the clisinbtifion of sflt i 
a biriircatiune 


Observations 1 — 5 have been carried oat mostly in Octobe 
1038 and the results of {IJ a-ere plotted as longitudinal sections. Tbes 
fiboaed a general reduction in silt particle size as one proceeds dow 
the canal. Tho question whether the reduction in size is due to th 
attrition oi coarse particles or whether the present observation 
give only a temporary picture of a silt wave running down the cans, 
will bo settled by comparing tho yearly observations in future. It « 
indicated by tho gradual ebunge in silt grade, however, that a mils 
IS an Udequato inlcr\-al for those observations. In tho next report 

lr„nSrin° “““ “ “ 
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Silt Survey of the Upper Bari Doab Ca^ial.—Tho onfciy of 
•shingle and silt into tho Upper Bari Doab Canal has toon tto cdtlso of 
considerable trouble for a number of years. In certain roaches of the 
Main Line, the bed is novr fivo feet above desired bod lovol. Consider- 
able expenditure has been incurred in pitching tho sides of the Maih 
Line and Kain Branch Upper witli boulders. The trouble has now ex- 
tended to the smaller branches and distributaries. Silt ihvosti^atioris 
have been in progress for a number of years with tho object of obtaifl- 
ingdata upon which recommendations for silt contrbl might be based. 
During tiie year the results of those investigation's havd bb6n reviewed. 


Tho bed of the river at the Hoadworka at Madhopuris composed 
of boulders. The approach of tho river to tho Hendworks varies and 
in consequence alterations lake place in tho distribution of the silt 
in tlie head regulator bays. Tho river surveys and current direction^ 
for 1937 and 1988 are sho^vn in Fig. 70. In 1937 the river approached 
the head regulator from the right bank while in 1938 the river flowed 
along the left marginal bund. Tlie river conditions in May 193S 
were exceptional as tho discharge reached 34,000 cusecs, an abnormally 
high figure for this month. Under these conditions the canal is usually 
•tiosed, but in 1938 closure was impossible. In spite of this, sliinglo 
•did not enter the canal as in previous years when tlio river apfiroacn 
was from the right. 

Tho shingle entering into the canal for similar discharges in 
1936 and 1938 is given in Table 27. No qualititive estimation of tho 
•ihiount of shingle is possible but its presence or absence is recorded 
by the sampler. In 1936 shingle was entering all bays of tho regulator 
mth the exception of bav 12. In 1938 the only bay in which it was 
fireSent was No. 7. During 1938 the height of tho slnnglo ramp in 
hone of the head regulator was also controlled by scouring closures. 
The alteration in the approach of the river and the control of the height 
of the shingle ramp are probably tlie main factors accounting for lo 
smaller quantity of shingle entering tho Canal. 

The pocket was surveyed in Soptomber 1938 in 
wnditions might be compared with those of 1937. Dm rc.su t. ® * 

stirvey are shown in Fig. 71. It will ho scon that tho ramp in l-i.iu 
« generally 2 feet lower than in 1987 and that tho channel of approach 
w aifferent. 

For some years the quantity ot ‘’'*1',®"*''’''"^.'’'!“*' 
tosulator has been detorrained. H'O 
1938 are given in Table 28. This Inblo is divided 
^!uch shows silt onterv for river discfiargcs ”1' chocs’ 

toween 18.000 cusecs and 27,000 cusocs and ahiiv i. -7, » ui»m«. 
5ot nver discharges up to 17,000 ciisiics m i 

1 to 0. take tho major portion of tho silt ni . .ijo^ 

■^'Aatges between 17,000 casccs nnd 27,000 ciisces in Iddfi I'nd 1937. 
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the right divide also took" much more silt than the left divide. 
1938, however, the left divide takes more silt than the right for 
discharges. lU 1937 for river discharges above 27,000 cusecs 
silt entering the hays of the right divide was much greater than 
entering the bays of the left divide. In 1938 for the higher 
^scharges the amount of silt entering the bays of the two di 
appears to he approximately the same. 

The object of studying the distribution of silt through the 
regulator has been to obtain data for the design of a silt ejector 
situated at the downstream end of the divide. An account o 
model experiments in this connection was given in the Annual B 
for 1986. Even with the alteration of the distribution of silt a 
the head regulator, there appears to be no reason to suppose tha 
gilt ejector as designed will not work efficiently. 

The silt ejector in the Salampur has continned to work efficie 
In order to measure the amount of silt ejected, the water passing thr 
the ejector was led into a silting tank and the deposit measured 
a run of 24 hour period. A comparison of the results obtained in 1988 
those of 1986 and 1937 is given in Table 29. The results are si 
as shingle and silt above *2 mm. in diameter passing the ejectoi 
cusecday. The quantity of shingle passing the ejector is app 
mately the same in 1937 as in 1986. The amount passing in 19! 
considerably less than in 1937. This must be attributed to the Bra 
quantity which entered the head in 1938 as was shown by samp 
the present river conditions, therefore, there should be no da 
in passing the combined silt loads of the two divides through 
Salampur feeder ejector, since it bos been shown that it can c 
much larger quantities of shingle than it did in 1938. Much la 
quantities of silt have also been passed through the ejector thai 
1988. For the silt grade also the ejector appears to have the ne 
gary capacity. 

The reduction of the silt load will undoubtedly affect 
regime of a channel. If the ejection of silt is carried out it will bec« 
necc‘.‘'Sniy to stabih^ie reaches of the canal with reference to its 
grade otlierwise a silt coarser in grade than already present on the 
may bo transported to lower reaches which will involve considers 
oxpeiidituro in maintenance. In order to obtain some infonnat 
regarding the effect of silt exclusion, water surface slopes have bi 
observed on the Salampur feeder since 1933, the date of the beginn 
^ silt ejection. T}]p icfults of the series of years have been examin 
Tlie water surface slopes between falls have been flattening and tl 
ore shil continuing to flatten in 1988. The process of attnirii 
regime IS, therefore, slow and will give ample time after silt cxchisi 
commences to consider proposals for stabilisation. It is hoped tl 
the Mil ejector on the Main Line will be con.structed during IVSO-i 
when intensive obseivationc on its working will become available. 



Model of Klinnbl Weir At MnlHcpur* 

Mir ICNTHV IN TIIU (WNAI. WITH TIIIC DIKKKHKNT MUTIIOIW UK l•■|:l:l)IN(} TIJi: CANAJ., 
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TABLE 27. 

Date 

11-8-36. I 

29-5-88 

Discharge of river in 

26,120 

24,957 

cusecs. 

Bays of the head regala- ! 



tor — 

1 

P 

0 P=SIimgle entering the regnl 

2 

P 

0 tor bay. 

0 0=Shingle not entering ti 

8 

P 

4 

P i 

0 regulator bay. 

5 

P 

0 

6 

P 

0 

7 

P 

P 

8 

P 

0 

9 

P 

0 

10 

P 

0 

11 

P 

0 

12 

0 

0 



table 28 . 

Table comparing the «ilt concentrntion in the bays of head regulator in 1936>37 ond 1938. 













Fig. 46. 

EXTENSION OF THE LEFT GUIDE BANK. 





Fig. 46. 

EXTENSION OF THE LEFT GUIDE BANK. 








Fig. *19. 

EFFECT OF TWO FPURR IX THE LEFT CHANNEL. 




Fip. -19. 

EFFECT OF TWO SFUKS IN THE I.EFT CHANNEL. 




Fig. GO. 
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Fig. Gl. 
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LAND MCmiAltON SECTION. 


The l^prnnn;t nf Srrltj: iv tlif Sml Projilr refrrrup/: io fht 
Tormaiimi -ani ihc JlrAavirritmt oj Tfntr , — In 'llic Tf^porl fM' l)ic J’oftt 
ISSS The lactnrs pjra^ng Ti?e -ol llip ani Ihrtse 

^■epponable for the rise of salts to the snrface vrore jh«c«sso<l. It X\'as 
tndioated that a characteristic Ponjab allatntiTn consists of a soil Onist 
*oI ramng tlockness OTerlring sand. It xras sho'ttn tbat the tnost 
cnponaiit source of salts causing deieriorarion x\'As that prcsonl as 
a zone of accrmnilalion in the soil cnisu X fiirtlier conclusion reached 
that prior to the introiuciion of irrig.ilion the soTl profile represonls 
'ficnplete salmisaticm of the soil tvilh Tcfercnce to the local tnetootolo* 
cieri conditions. Under such conditions the salts arc staltc bnl as « 
indicated in the report of the Chemical $<vlion, there i< a .seasonal 
tptrerd and do^^ard movement of these s-ilts xrifhin the voil 
■ctist. Over a complete seasonal penod» however, the total amonnl 
t3f ^t present in the soil cnisi docs not van*. Wiili the introduction 
of irrigation salts appe-ir to ho miioved from the surface layer ot ^^oil 
^d form a zone of nccimiulation some distance helow the »nrfaee, 
Daring the year 193$-d0 investigations have lieen earned out to stnd^v 
the inhaence of the depth of (lie\>'ater»toMe fnmi tlie namnd snrfaee 
-and its salt content on the ri<e of <aU'« to the vnrfaee The effects 
of other factors sucli a« typo of irrigation and tho <vslem of agHenltni'e 
bare also been exjuuiuei.i. 

During Rabi 103S.;in a spt'cial cirdaMn of v»lUi»iv« lying on 
lines (Fig. 72) ber^eon Pimli Hhatian and Qila Dharani Singh and 
between Chiniot and Sayedwda was tinder(o).en sinet' on (he*e linaa 
the water-table wa« kiio>m to van* considerably m dejilh. The roMibn 
of this girda^v^i arv pi\en in Ibhle :10. A soil sunny of the area« Im" 
shomi that the thickness of the ..od rni«l does not excewl ten feet. 
Prom Table 80 it will he seen (hut land n iitoing out of cultivation due 
to the appearance of ihnr at all deptln of tlio wntnntahle heliieen 
0 and 40 feet. As the water-table can h ue no cmnuH'iion through the 
sand lavex with the soil at depth* Minh n* 40 feet, thn ronelnaion mU"l 
be drawTi that the wnter-tnhle j* not an e^vuitinl fnetoi- inlluenHng 
tJie fonnation of tliur. I’he invi*.*tigntion vn» nxiendetl to ntnnune 
the soil profiles in those areji^ whicli am fit ill it-^anlrd an po^xl and tlunn 
in which (liur has already jijipeanHl. Tim of tlin'e mirli proflln^ 

for the sanio area are given in l*ig. 7'1. Fn'in a pitndy of tim rtir^-r** 
prv‘sented in Fig. 78 the hdlowing voiirhidons hn'»‘ bet'n *liiiwn 

(o) In the field (I'il No. I) which nn" fornii’fly under ruh|. 
vation hut wlilcli h:i* btH-otuM tlitir, lie* rail rontenl n 
Iiighlhrouglimil the cleptli of tlm roil rriisl, , a ilrpth 
of 10 fe<-t fnuii tin* naltirat Th*’ lu-iin fono 

• of aceuniulrttioii, however, is 0* to fi’. 
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’that the characteristics were fully dweloped and a iTSaal exaininatir,^ 
■became possible. "Withm a period of three weeks signs of salt efflore* 
•sconce were t'iriWe at some distance below the Ccatoral sorface. Frcra 
an examination of the colonred iUastration it is clear that the soil 
from the natural surface to a depth of about three feet is free from salts. 
From the tliird to the fifth feet the efflorescence is of moderate intefl'ity. 
’Tile column, sixth to the tenth feet, has a lugh salt content and has 
•<leve!oped hexagonal shaped cracks. Salt is present between the tenth 
and the eleventh feet. Below this depth sand occurs which is free 
from salt. The layer between the sixth and the tenth foot when 
tested was found to be alkaline. This field may be classed as capable 
of giving good yields at prewut but is in danger of early deterioration 
due to tliur. 

In an adjoining field where cotton was hi an excellent condition 
and which in the opinion of the zonn'ndai> was likely to develop thur, 
another profile was exposed. .After a period of one month the pro- 
file was examined, and the upper limit of tlie salt layer was noticed 
tf» he at a depth of about one foot from the natural surface. Observa- 
tions were continued on this pit and, during the period January to the 
•end of March, the salt travelled up to t)ie surface thus causing the land 
v-urrounding the pit to become 'niur*. Tlie zemindars Iiave now left 
1liis field ont of cultivation. 

All examination of the profile illustrated in Pig. 70 shows that tlie 
geiuTiil characteristics of salt uppe.wance in tlie soil cru.st are the same 
jis in the case of tlje profile represented by Fig. 75. The soil crust is 
12 to 16 feet thick bid tlie upjmr edge of the zone of accumulation of 
salts ha'- lakt'ii more or less .» parabolic form. Tlie caii«e of tliis 
peculiar shape of the in<»% luuent of salts Ims la'cii investigated. Samplo*^ 
w«‘re taken from m-ar tlu* tMlgo of the '•alt layer on both sides and abo 
from the rest of tlio jirofile. TIicm* saiiijdes i\cre examined for total 
■salt content, ])H value and total day content. The results are re- 
^•re-'cnted in Fig. 77. From on oxamination of Fig. 77. the foUoiring 
vonclu'-ions can Ik* draaii : — 

(i) The peculiar shape of the zone of accumulation of saU-’' 
is due to difTerences in tlu* clay content of tlio soil. 
WJiere the day content is liiglj the salt has travelled 
i/panrd« mweb faster than wliero the clai' content b 
relatii ely low. Tlib cfinfinn*' fho conclusion gh'cn 
in llie rcjjort for tlje year 1068 whorein it was 
stated that the ulternate fields of thur and normal so5b 
were due to the dilTen’iicc”; in the mechanical composi- 
tion of the field*.. Tliis al<o explains wh}*, in an oerial 
photograph, wliere salt is present in the soil crust, 
thur fields c.visl side by wdo with fields which aro under 
cultivation. 
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(u) In tho zono whore the accumulation of salt has boon- 
' intonso tho salts havoro-actod with tho clay portion of 

the soil and have converted that layer of tho profile 
into sodium soil. Tho pH values in this zone have- 
risen as high as 0*98. Even though tho salt content 
of tho soil above this zone is high tho salts have not 
yet had time to re-act with tho clay complex and the 
pH values aro, therefore, low. If stops aro not taken 
to chock the rise of the salts to tlio surface or to reclaim 
the soil now or immediately after the first signs of 
thur are visible and to remove the whole of tho salt 
from the soil crust to the water-table tho reaction 
between tho sodium salts and the clay will continue 
and result in tlio formation of an alkaline soil. The 
land will pass from the normal to the thur stage and 
ultimately to tho rakkar stage whon reclamation will 
be unoconoinic. 

During inspections it bas become evident that a visual examina* 
tion of tho zone of accumulation of salts in the soil profile appeals 

more to the 1, • ’ ■’ --.-viyses. It is proposed 

to continue ' ■■ ' . ■ " ’ . Id weather. A large 

number of s ■ ' ■ '• fferont degrees of de- 
terioration i . • ' ; ■ • ■ ’ and position of the 

zone of accumulation which can produce an olfioresconce at the surface 
Avill bo determined. 

Discussions mth zcnimdars have shown that the development 
of thur is not a gradual process. In fact, just before a field is likely 
to become thur it gives an excellent crop. This means tho transition 
from non-thur to thur land is sudden. Tliesoobsen’ations are import- 
ant as they lend support to the view tliat the salt in tho wator-table 
1ms little to do with the formation of thur in areas whore the soil cnist 
is 10 foot or more in tliickne<s. If salt in tho i\ator-tablo woro ros- 
for tho accumulation of salts at tho surface then tho dotoriora- 
tiuu <lno to salts should Im gradual and not sudden sinco the zono 
of umulatiou could only occur at tin* -urf.icv under thc'^o condition'!. 

It has biH'ii mentioned already (Imt iMth a zone of accumulation of 
salt's some distance below tho surface, jiclds of cotton have boon abovo 
normal. It is important, thorofom, to realize, tliat dm prosenco of 
good cro])'! does not moan tho ab'^onco of dang'*r. The trim conditions 
of any ono area ran only bo dotormino<l hy asoil cumn- and thooxainim. 
tion of the sod jimfilcs. 

Having sbovn that Hu* fonn-ation of Ihnri' tluc to tlio npwMnl 
mmomriit of tlio rono of nrcumuKilion of s.dts ni th-* soil cru-t, ox- 
porinirnts voro slait4>d to study the dt-tribution of salts m tho soil 
pn'filo under difTervnt rn»j> nMation**. Tin-- un o>tii.'itions an* Ix ixig 
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^rried out at the Jaranwala Farm, a brief account of which was givea 
in tho Annual Report for the year 1938. In that report the elfecta 
of irrigation for cotton and rice on the distribution of salts in^ the soil 
profile were compared and it was stated that, whereas the irrigation 
of cotton led to an accumulation of salts at some distance below the 
-surface, the irrigation of rice removed the excess of salts into’tho under- 
lying sand layer. 

Ohser\'atiQns during 1938-39 have shoAvn that in soma of the 
plots wliich carried crops such as cotton or wheat, thur has appeared 
at tho surface in patches. IQo signs of thur are, however, visible in 
fields in wliich rice was so\ni. A detailed study of the soil profiles 
under different crop rotations is being carried out. The results ob- 
tained so far are sho^m in Fig. 78. 

In tho case of the rotation fallow-wheat, the salts are forming 
a zone of accumulation between the 4th and tho 12th feet. Witlj the 
rotation cotton-fallow tho zone of accumulation of salts lies between 
tho 2nd and tho Ofcli feet. Tho rotation nco fallow lias washed most of tlie 
salt from the soil crust into tho sand layer. There is some accumulation 
at the 12th foot. .\s this .is in the sand layer it will in all probability 
ho ineapablo of rotuming to tho surface. This -view is confirmed by an 
<‘xamination of the fourth cun-o which represents tho results of the 
rotation rico-borsceni. In this case there is no zone of accumulation 
of salts in the profile. Tho salts have all been removed into the sand 
and tho heavy irrig.-ition given to berseem has dispersed them. Hero 
it may be mentioned that during reclamation the sowing of a borsoom 
crop after a successful rice crop is always msistod upon. It will be 
soon, therefore, that with tho adoption of tlie methods for reclamation 
of land developed at tho Irrigation Resoarch Institute, permanency 
of land reclamation seems to be as-^unHl. 

A Mibjoi-t now receiving coiisidor.iblo attention is the water 
roquironu’iit*' of cropf-. Tlii'^ cjmi Ik» vem'^idon'd from two points of 
vioa. Tlie object of tho Irrigation Braiieh, being a Revenue Ropart- 
lueiit, is to secure tho maximum outturn of crop per cusoc day of water. 
Tlio oxjierinient.s carried out by the Agricultural Department have boon 
made witli the object of Kccuring tho nm.vimum outturn of crop per 
«cr(« souTi. In neither of these yioa;s has any consideration boon given 
to the relation between tho irrigation load and tlio dotorioratioii of 
hOil due to the movements of salt to tlie .surface. From tlio dis- 
cuc'ion in tlio jirovious paragraphs it is clear tliat Iho greater tho area 
«]ion vbich a given amount of Avnter is spread, in order to mature 
crops such as cotton ami wheat, the loss will bo tho downward movo- 
mont of FnU^. It is siiggeshul, Ihorofore, that in all futuro work on tl»e 
water requiromenls of crops, wliilo tho maximum outturn of crops 
per ncro and tho maximum outturn per cusoc of water should continuo to 
1)0 con‘“ideroil, a further point for examination sliould bo tho possibility 
of the diderioration of land duo to salt accumulation on account 
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•of light irrigation. Tho proMoin is not so simplo as it looks. On 
-account of tho increaso in tho rural population and tho fragraontation 
-of holdings the only way to support tho family' is to cultivato a much 
larger area than formerly. As tho water-supply cannot increase to 
correspond with tho increase in population, deterioration of land under 
the ])resent system oi agriculture must, tlioroforc, be inevitable. 

The experiments on reclamation which have boon carried out 
have shoum that salt can bo removed from the soil crust by the growth 
•of rice and berseem and tliat tho reclaimed land can i)roducG excellent 
•crops of cotton, wheat, sugarcane, etc., for a period of 8 years wthout 
shoeing signs of deterioration. It is suggested, therefore, tliat the 
agricultural system of deteriorated and danger areas should bo altered 
so that rice can bo included in the rotation. The evidence at present 
available shows that the introduction of rice should not be necessary 
more than once in 9 j’ears and possibly for a mucli longer period. The 
introduction of rice into areas now under perennial irrigation presents 
some difBculties. But if either new Kharif channels can bo specially 
constructed or the present ones enlarged to carry increased summer 
•supplies then a remedy for deterioration becomes available. 

2. — Beclamation of Tiiun L.vnd. 

(t) Rcjiala Estate . — In the reports for the Cliomical Section 
for tho years 1987 and 1988 it was mentioned that in the Punjab allu- 
vium the water-table is always in tho sand layer and that wlion it 
touches the soil crust it is unable to rise any further if the soil crust 
is from G to 10 feet in thickness. Numerous soil profiles examined 
•during 1938-89 confirm this view. .‘Vdvantage was taken of this obser- 
vation in formuhiting a policy for tho reclamation of thur land. In 
all previous oxponmonts reclamation was undertaken with a system 
of held and sub'^idiaty drains. This procedure nvako'. land reclamation 
ox]>cnsive The cost of land <>ccui»iod by the drains and the co^t of 
tho maintenance of tho drains aro debited to tljo co.st of reclamation. 
As tho water-table is unable to nso through tho soil crust if it is more 
than six foot in thickness, tho construction of a drainage syshmi under 
-those conditions becomes unnecossatj'. 

In the di'^cussion of tb<i movement of sa!t> m tho soil profile 
•it has l)oon shown that tho salts, if tlioy aro romovod from tin* ^o^l 
•crust to the water-table, are unable to nso again to tho surfaoj. From 
tlu'se considenitions it was decided lo underUike reclamation of thur 
land in the licnala ICst.ato without n system of field drains. .V plan 
-of the an^as wlion* n'clatnatinn >vas undertaken is «ho\rn in Fig. 7l>. 
Beclamation was started m two separate blocks : Bloi^k \ which u situa- 
ted in the di-pres-ion below tb** dluv.i and in whicli th-* w.it*r-tib!o 
is at a deptli of 7'0 hvt Mow tho natural purfac*> and Block B which 
lies on the dliaya and has a di*op soil profile. The water-tibh* in this 
block is at a depth of 17 hnH from tho natural surface. 



100 


At the beginning of tho experiment fears were expressed tliat 
in tlie depression tho water-table under rice irrigation would rise to 
tho surface and would make the land waterlogged. It was also con* 
ridored that the sub-soil drainage water from the dhaya, which wa^ 
salt, would travel towards tho depression and would spoil the area 
again. In order to obtain data on these two important questions 
ob*<er\’ation pipe*; \roro installed both on the dhaya and in the area 
in the depression. A third pipe was installed at the deepest point 
in the trough. The results obtained showed that both in the dhaya 
area and in the area under reclamation in tho depression a local r^o 
in the sub-soil water-level took place under rice irrigation. When irri- 
gation was stopped and the rice liarvestod the water-level fell to its 
original level. The results for the area in the depression are plotted in 
tho form ol a ciin*e in Fig. 80. Observations of the third pipe installed 
at the lowcbt part of tho trough showed that the water-level in the 
pipe was not afTectod by the leaching of tlio neighbouring thur land or 
tho land on the dhaya. When, however, irrigation was applied to 
tho field in which the pipe was situated the water in the pipe rose. 

Those observations aro iinportant as they indicate that the loach* 
ing of thur land is not likely to cause any damage to other lands in 
tho ^^cinity. U sooms the salts when they are added to the water-table 
move along with it and join the main sub-soil water stream. 

Samples of 8ub*soil water wore taken during the course of the 
experiment and wore oxarainod for salt content. The results are shown 
in Fig. 81. It will bo seen that in Block A, where flow takes 
place in a fully saturated profile, the whole of the salt in tho 
soil profile has been removed to tho water-table. Tho salt content 
of the sub-soil water is lower after than before reclamation. In 
Blovk B., i.G., on the dhaya tho salt from tlio soil profile was added 
to tho water-table and raised its salt content from about 300 parts 
per 100,000 to about 1,400 parts per 100,000. With tho movement 
of Iho hub-soil stream and further additions of water at tho surface 
of the land, the salt content of the water has n tendency to fall. B 
i-’ i>ropo‘5od to continue tho<e obsorvalions. 

Tho results of tho analyses of soil prolilcf. from tlic; doprossioi 
ill Block A and of tho dhaya. Block B, before reclamation are given ' 
Ttibbj 31. It will bo Fcen from the results in Table 81 tliat the Bon 
soiK ropTefonl tj-pical thur land. Tho salt content of the surface 
in Urn tlo]>r(>?':i()n is high and the pll value is low. On the dim 
JiowiAtr, tln) land ]> salt to a depth of approxinmtoly 18 feet. 

As (iidcrf. rcclamnlioi) were received late leaching 
not Ftnrti'd (iH afi,T tho Seth of June, 1038. Ob^ervalioin slioi^ 
blocks A nnd 13 leacliing ^\os veiy rapid. Wliercn*-' 
lilod: A til., growth of gni«s during leaching was good, in tho up: 
parts 01 Him dh.vya, duo to tlio liigh salt content in tho sub-soil layi 
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prasb (lid uot becomo establiabed before the transplanting of rice*. 
Both in Block A and the lower parts of Block B the growth of rice was 
Teiy satisfactorj*. After the han’esting of rice, berseom was gro^vn 
in all the fields from which rice was removed early and sonji in those 
where rice was harvested late. Berseom and sonji mado good growth 
in most of the fields. An examination of the fields under berseom and 
senji was carried out. The results aro given in Table 82. It will 
be seen from these results that in good berseom fields the salt content 
as well as the pH value of tho soil profile is low’ which indicates that a 
cotton crop can be sown in these fields and that tho yields of cotton 
^ be good. The results at Bonala confirm tho previous practice 
of judging the rotation from the condition of the berseom following 
rice. 

Two important conclusions can be drawn from the one year’s 
reclamation in the Benala Estate : — 

(1) If reclamation of ‘Thur’ land is undertaken at an early 

stage after the appearance of the salt efllorcsconce, 
reclanution can bo completed with ono rice crop. 

(2) If tlie sub-soil ^Yater as measured by a fresh boring, is 

more than o feet below tho surfaco the construction 
of tho field and subsidiarj* drains is not nocessarj'. 
This, in turn, reduces the costs of roclamatioD. 

(ii) Shcr MohainmadiC(tla. — Lower Jhelum CunaL — ^A block of 
£0 acres of old kallar laud was taken up for reclamation during 1930. 
As tho salt content of tho soil was high and tho degree of alkalization 
was low leaching was rapid under rice. tMieraas quick loaching 
of the soil reduced the yield of rice it enabled tho land to bo roclaimod 
much moro quickly. The Kharif closures in the Lower Jholum Canal 
aro also partly responsible for the low yield of rice. 

From an examination of fields under rice during 1937 it was 
known that olmcst the whole of the salt had been removed from tho 
soil into the water-table which indicated that other crops could 
he introduced into the rot.ation. Baring Kharif 193S, 1.5 acrc-^ of 
n*chuuu“d land were put imder i-otton which pa^o an aiera"** yield 
cf ’• nuuiiuK ol cotton per tun*. 

Hie ix‘tlaniatjou at SIut Huluiiimiadwala hA> bc»‘ij done • utir»*Iy 
by tin- landloulV tenant- , tbe enly dux*^t labour empIoy»-d, dunn;; tlio 
cc.ut>c of nvLaniation, K-mg the lalHiurvrs requnvd for the im::atioa 
of fiold-i during leaching and the growUi of nc^*. Aceo’mt-. Lp^-a 

niaintauicil which ^how that Ux* total expr'aJitua* of tlj- laadlo.M 
on nvl.iniation, till tlx* «ad of Kharif 11^3'', h-i.' Lr-a If-. 

The total incouie frvm tlx- Landlonls >harv» of tlx* prolucr* a:aoMaU 
to Bs, If tlx* xhar\‘ of tlx* par of the iau|ailani ia cliarg.- ofa- 

clamation h* al-o included in t!>eex 7 Hnditu?v* tix.' toU,l wo-ali 

be Bs. S52. Tl:us on an ai\A of £-0 aervs tb- n' is a pr.ifi: of 
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to tbo landlord during tho course o! live harv’ests. The oxpsriment 
is still in progress. The landlord, however, is convinced of tho method 
of reclamation. Ho has now purchased an additional supp’y of 
1*5 cusocs of water from the Irrigation Branch which he is utilizing 
for tho reclamation of other thur land. 

(ill) 97/9-L . — Lower Bari Doah Colony. — 97/9-L is another 
example of old kallar land. During the course of tho survey it was found 
that all typos from tho ordinary kallar to tho mild rakkar and tho 
heavy rakkar typos, locally known as ‘bara’ existed in the same locality. 
On orders from the Chief Engineer, tho kallar area in squares 48 and 49 
of tho village was selected for experiment. Leaching was started in 
April 1988. Tho Jliona variety of rice was transplanted in an area 
of 11 acres, which gave an average yield of 13 maunds of rice per aero. 
An examination of tho fields under rice was made. The results of 
analyses are given in Table 83. Those results show that with one 
rice crop tho depth to which the salts have been removed varies with 
different fields. "Wlioreas in field 17/A of square 43 not more than 
two feet of soil has boon freed of salt, in other oases salts have boon 
washed from about five foot of the soil. In one case, field 19/B, of 
square 48, tho salts have gone down to a depth of 11 foot. As the salt 
content is generally higli within 10 foot of the soil surface it is proposed 
to sow rice till tho whole of this column of soil is freo from salt. 

In tho discussion on tho subject of tho movement of salts and the 
formation of thur, it was stated that thur was on the incroaso oven in 
areas whore tho water-table is deep. It was also shown that duo to 
tho action of tho sodium salts on tho clay content of the soil the lower 
layers of tho profile had become alkaline. With the object of studying 
tho ]irogross of reclamation on such areas and tho offoct of leaching 
and tho growth of rice on tho salt content and the degree of alkaliza* 
tion of the lower la 3 ’ors of soil, two now oxporiraonts havo boon started 
in tbo Lower Bari Doab Colony. 

In Cliak 97/9 L a field lias been selected whore tho depth to water* 
table is 4”) feet. It has a soil crust of 23 foot, a high salt content and 
a high pH value throughout (he profile. The results of analyses 
arc given in Table 34. It is proposed to put this field under leaching 
<lnnng Kharif 1939 and to make an examination of tho whole of the 
profilo aftor nvot^' rice crop. 

In Clmli 11/4 L in tho same Golonj’ tho water-table is 30 f(^^ 
■doop. .\Uhongh tlio salt content is high throughout tlio depth of the 
1’^^ values aro not ns high as in tlio c.^'O of 
• i/i Ij. Tho ro<;iiUs of analyses are given in Table 35. After pvory 
rico crop (lio profile will bo examined. 

7 /, j In/rwluc/ion of IliU Itice in the i?cc/nmnfiort of Thuf 
\ Ix>on slated that in certain soils whoso salt content 
ig i and the dogroo of alkalization low leaching is very rapid. Wotof* 
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‘{{letefore, eanuot stand in rice fields and in consequence the juelda 
•of rice are low. Although, as has already been shown, the reclama- 
tion of land is more readily effected under these conditions, the low 
yieid of rice reduces the profit on reclamation. Further the amount 
•of water used under these conditions is probably considerably 
a excess of that required for reclamation and is, therefore, wasted 
from the reclamation point of view* In order to obtain normal yields 
office under these ccnditiou^ and to limit the amount of water used to 
that required for the actual removal of salts it is proposed to introduce 
the barani lull varieties of rice. These barani varieties of hill rice 
art ^wn m the Ivulu Valley where, uatumlly, they receive only in- 
•temiittent irrigation in the form of rain which quickly drains off. As 
conditions in plots imder reclamation where leaching is very rapid, 
pe similar to thoso of the barani areas of the hills it is expected that the 
rotroduction of hill varieties of rice during reclamation will be success- 
ful. An experiment in this direction wa^ carr.ed out at the Ohakan- 
yali Reclamation Fann where the yield of hill rice, under intermittent 
■ungation, was approximately 3a raaunds per acre. 

(c) Chat: ISS-V.-R, — Lotcer Jhelum Canal — And The Pcrffiu- 
neney oj Rcclnmntiou.— The conditions governing the permanency 
of reclamation have been fully discussed in tiio report for lUSS. In t!u> 
micussion on the movement of salts in soil profiles it has been shown 
that if in reclamation the salts have been completely removed fwu\ 
the soil cmst.to the sand layer, the soil should bo regarded as permauont* 
ly reclaimed. The yields of crops obtained from roclainu'd land in 
18S-N. B. were discussed in the report for the year 1933, and it wai 
stated that no decline in yields had taken place. Tho^v olxorva- 
tions were continued during the year. During 1938 thoyioUU vd oolton 
from reclaimed fields were as liigh as 15 maunds per nenv photo- 
graph of one of the cotton fields is shown in Fig. 82. 



3. — Soil Surveys. 


(i) Survey oj land lyivg an hoili sides of the Lower 
Drain . — Statements have been made that the salt *vater carried by 
drains from one part of the doab to the other would be lost by seepage- 
through the bed of the drain and would cause deterioration of the land 
adjoining it. '\\’ith a view to verifying these statements a study of the- 
Lower Laniwah Drain of the Chaj Doab was carried out. A complaint 
had been received that one well alongside the drain had become saline 
and that the land on the well was deteriorating. 

In the first instance careful discharge observations at various 
sites of the drain were made to determine the reaches where the dram 
was losing water through its bed. These observations showed that 
approximately, three cusecs of water containing GOO parts per 100,000 
of salt were being lost between R. D. 186,000 and B. D. 150,000 ot> 
the drain. This loss is due to the excessively sandy nature of the soil- 
The complaint about the deterioration of land did not relate to this 
area hut to a place near B. D. 238,000 of the drain. Evidently the 
sec'page from tlio drain between B. D. 180,000 and 166,000 cannot 
bo the cause of the appearance of tbur in land situated at E. D- 238,000- 
The cause of tbo deterioration of land at R. D. 258,000 has also been 
investigated and will bo referred to later. 

It has already been stated that the salt content of the uater 
in tho drain at B. D. 130,000 is approximately COO parts'per 100,000 
of water. At its tail, vhore the drain joins the river creek, the salt 
content of the drain water is also about COO ports per 100,000._ In 
order to find the elTect of seepage from the drain on the adjoin- 
ing wells water samples from wells situated on both sides of the drain* 
’v\cre taken and were examined in tho Institute. Tho position of the 
wells and the salt content of (he waters in the wells are shown in Fig- 
^ilh the exception of three wells situated on the left side at B- B- 
105,CC(). right side at B. D. 185,000 and R. D. 140,000 the salt con- 
tent of all the other w ells is on tho high side. It is well know’n that the 
Buli-hoil water of the Lower fllioluni Colony lias a high salt content 
and is seldom d for drinking. Hie salt content of tho well waters 
in the icach B. D. 180,000 and R. D, 150,000 where seepage is taking 
place is., if at all, lower than eitlicr the reach above it in which 3 
cuFccs of Milt water nn> passing in (ho drain or in tho lower reach where 
tlH- quantity of wate-r in the drain is much less. This indicates lh®t 
the salt water lo'^t through (lie bed of tho drain docs not odd to the 
salt conlrnt of the water lu the adjoining open wells. This is a further 
proof tlint ^Mltcr in the watir-tablo is in motion and, that, during 
rc'danialimi if salts are washed from the foil profilo to (he w-ntcr-tah'^f 
tiny are iiol likely to ri'luni again (o tho surface nor affect the 
adjoining lands. 
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Investigation wag extended to the examination of some soil 
pron es and sub-soil waters on both sides of the drain. For this purpose 
son pronieg were dug on both sides at various distances on a line per- 
peadicular to the drain at R. D. 230,000 and 238,000 of the drain, 
reach that complaints of soil deterioration have been 
^ne such section is shown in Pig. 84. The salt content and 
^ '^^‘Oes of foot columns in the profiles and the salt content of 

e sup-soil waters are shown in the plan. Prom a study of the data 
-o ven in Pig. 34 t]jQ following conclusions are dra^vn : — 


(n) The salt water in the drain does not affect the salt content 
of the water obtained in the soil profiles dug alongside 
it. It is no doubt true that in one case on the left 
of the drain the salt content of the snb-soil water is 
as high as 407 parts per 100,000 but this seems to be 
due to the presence of the salt in the soil profile rather 
than to the salt in the drainage water, since the water 
obtained from the profile dug nearest to the drain on 
the same side shows a salt content of only 60 parts 
per 100,000. 


There is no gradual decrease in the salt content of the sub-soil 
waters on either side of the drain which ogain indicates 
that the variations in the salt content of the waters 
are due to local causes rather than to any effect of 
the drain. 


(6) Examining the salt content and the pH valnes of the 
soil profiles the conclusion drawn is the same as 
in the case of the sub-soil waters. The salt contents of 
soil profiles nearest the drain, which are {liable to 
greater contamination than the rest, are the lowest. 
This is also the case vith the pH values. Tlio conclusion 
again is that the variations in the salt content and the 
pH values are due to local variations in tho soil 
rather than to any effect of tlio salt in the dminago 
water. It is true that kallar soils exist alonj^ido 
tho drain in its tail reach. Enquiries made show 
that tho Land lying between tho fork of tholwo rivers, 
Jliolum and Clienab, has always been salt. 

During the course of the enquin* cerinin facts which have a 
bearing on tho deterioration of land in this locality came to notice. 
nie«o are imnortanl n«, if step? are taken to remove them, tho areas 
i«tlll under cultivation can be saved from deterioration. Durin'* ly'O' 
when a flood occurrvd in the Mona Drain, the floo-j water, havin'* 
brcacliod the Sulkhi BraneJ ame as far a? the tail reach" of the 
liOwer Raniwah Drain and' nlatod there. As this parked through 


3.— Soil. SunvEYS. 


k) Svncy of land lying on both sides of the^Lou'er 
Dxain . — Statements have been made that the salt -water came y 
drains from one part of the doab to the other would be lost 
through the bed of the drain and w^ould cause deterioration of tiie 
adjoining it. W^ith a view to verifying these statements a study oj 
Lower Eanm’ah Brain of the Chaj JDoab was carried out. A co P . 
had been received that one well alongside the drain had become s 
and that the land on the well w*as deteriorating. 


In the first instance careful discharge observations at ^ 
sites of the drain were made to determine the reaches where t le 
was losing water through its bed. These observations showe 
approximately, three cusecs of water containing 600 pans .( 

of salt were being lost bet-vveen B. B. 186,000 and K. B. 
the drain. This loss is due to the excessively sandy nature ot . 
The complaint about the deterioration of land did not relate 
area but to a place near B. B. 238,000 of the drain. Ejiden y 
seepage from the drain behveen B. B. 136,000 
be the cause of the appearance of thur in land situated at B. V. ^ » 
The cause of the deterioration of land at K. D. 238,000 has al 
investigated and will bo referred to later. 


It has already been stated that the salt content of 
in the drain at E. B. 180,000 is approximately 600 parts * u 

of water. At its tail, where the drain joins the river tii 
content of the diain water is also about COO ports^ per 100, ou • . 
order to find the cfTect of seepage from tbo drain on the a J 
ing wells water samples from wells situated on both sides of the 
were taken and were examined in the Institute. The position o 
wells and the salt content of the waters in tlie wells are sho^ ^ "Q. 

'W’ith the exception of three wells situated on the left side at i • * 

lO.^CCO. right side at B. B. 185,000 and B. B. 140,000 the salt coi 
tent of nil the other veils i« on the high side. It is well known 1 1 
Buh-i-oil voter of the Lover Jholuin Colony has a high 
and is scldcni us-id for drinking. The salt content of the well v 
in tho reach B. U. 130,000 oiul R. B. 166,000 wliero seepngo § 
place j>, if at sill, lover tlmn either the reach nhovo it m v 
cusecs of MiU voter an- i)0‘jsing m (lie drain or in tho lower rcocii w 
the quantity of vatcr in the drain is much less. This f it,„ 

the salt voter lost through (he bed of tho drnin does not pun t 
soil content of the voter in the adjoining open wells. This is a _ 
pniof (hot voter in tlic vnter-tnblo is in motion and, that, “ . 
u clanmtinn if salt?, are vnslicd from the hoil profdo to the water- ' 

tiny an not Idely to n-ttmi again to tho surface nor nucct 
adjoining lands. 



The invc«li;jntjon vvn« tn tlip r\nmin;\tion of ?oine Foil 

•profiles nnd siih-eoi) on bo»h «5')o4 of ilie ilrnin. Vor tli'n pnrpo«f* 
foil profiles wore on hnlh 'ido* M vorioii* tlislonro? on n lino pnr* 
pendreahr (o Iho rfriin nt tl. I). 2^0,000 mid of flie drain, 

lor it is in this ro.irl) ihal rumpLiint'* of "oil deterioration Imvc fieon 
iDade, One Fiicli section i? sliown in I'ic* ^f* Tli" ‘•alt roiit4'nt nnd 
the pH values of foot rolmnns in tlie prolife-i nnd tin* «ilt rontont of 
the sub’soil waters are sliowjj in tb** plan. From a Ftndy of Ibo tiata 
■given in Fig. 81 tlie following ronclusion® an* draaim 

(a) Tlie Fait water in the drain do^s not affect tlio Halt content 
of th<‘ water oMatned in fho foil profiles dug nlongstdo 
it. It is no doubt true llial in ono ra«o on tbo loft 
of the drain tbo «aU content of tbo siib*soil water is 
as high ns 107 part's per 100.000 but tliis scorns to bo 
duo to tbo presence of tlio Halt in Iho soil profilo rather 
tlian to tbo salt in tbo dminago water, since tbo water 
obtained from Hie profile dug nearest to tbo drain on 
the same fide nbows a salt content oI only CO parts 
per 100,000. 

Thoro ia no gradual decrease in the bait content of the sub-soil 
waters on either Fide of the drain wbicb again indicates 
that the variations in the salt content of the waters 
are duo to local causes rather than to any ofToct of 
the drain. 

(5) Examining the salt content and tlio pH values of the 
soil profiles the conclusion drawn is the same as 
in the case of the sub-soil waters. The salt contents of 
soil profiles nearest the drain, which are iliahlo to 
greater contamination than the rest, are the lowest. 
This is also the case with the pH values. The conclusion 
again is that the variations in the salt content and the 
pH values are due to local variations in tbo soil 
rather than to any effect of the salt in the drainage 
water. It is true that Icallar soils exist alongsido 
the drain in its tail reach. Enquiries made show 
that the land lying between the fork of thotwo rivers, 
JheJum and Chenab, has always been salt. 

During the course of the enquiiy certain facts which have a 
bearing on the deterioration of land in this locality came to notice. 
“These are important as, if steps are taken to remove them, the areas 
•still under cultivation can be saved from deterioration. During 1029 
-when a flood occurred in the Jfona Drain, the flood water, having 
‘breached the Sulkhi Branch, came as far as the tail reach of the 
‘Lower Baniwah Drain and accumulated there. As this passed through 
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a Eolt area it carried ^vith it a large quantity of dissolved salt?. 
Measures should be tahen to prevent a recurrence of this nature. 

Tlio Lover Banivah Brain has no left bank from B. B. 42,000‘ 
to B. B. 237,000. There are se^-eral roadies vbore during the monsoon' 
montlis even a moderate flood in the drain spills over and spreads on- 
to the adjoining land. It is knovn that sometimes a dG;pth of voter 
vai^’ing from *5 to 1*5 feet stands on the land for a period varying' 
from throe days to three veeks. It has been mentioned already that 
the drainage vater is salt and the spilling of such drainage vater is 
likely to add considerable amount of salt to the land. The spilling 
of the drainage vator on the adjoining land should be prevented. 

(«") Abandoned Chalanuali Pechmahon Farm. — Bor the study 
of vatorloggod, Thur .and R.aklmr lands and for determining the- 
methods of reclamation of tliose types, Chakanvali Boclamation' 
Farm vas operiod in the year 192C. A brief account of the farm ond 
the vork carried out during the i>eriod 1032 to 193C is given in the 
Annual Eeports for the years 1985 and lOSO. 

In the year 1980 Goaemmont issued orders to close dovn the 
farm and hand over the reclaimed areas to a lessee. This vas done 
by the Civil Department. As the terms of tlio lease wore ve^ mild, 
the lessee neglected the drainago system and also the cultivation oi 
some of the roclairaod land. 

Under instruction's from the Cliiof Engineer a soil survey 
of the abandoned farm va'^ carried out during the cold voathorl088*S9' 
to investigate if any soil detorioration liad taken place during the period 
the land lias been on leaco. The rcsult.s of the soil survey are given 
in Table 87. For roforonco a plan of the farm is given in Fig. 

It is proposed to deal -with Table 87 in some detail. There vore 
three mam types of land taken up for roclaxnation at Chakanvali. 
They voro as follovs : — 

(a) Waterlogged laud adjacent to the canal and roprosontod' 
by plots S, U, W/Y. C, B, and E. 

{h) Thur land roprosontod by Q, A/1, G/1, and F/1. 

(o) Bakkar soils roprosontod by II/l and G/1. 

^ (a) Waterlogged area . — At the time of Imnding over, tlio drani' 

in this area vero maintained and as a result, oven vhen tho canal 
running full supply, tho vator-tablo vas situated at a doptli of M 
to 2 feet Lelov tho soil siirfaco. In foiuo jmrtions of thc'^o plots no'' 
oven 'uhen the canal ujit running ftill supply, vnter is standing 
on tho fields and in no ca*-,* doe*, it np]H-ar to !»• deeper than lielov 
the soil surface. TJio soil in flu-so plots is verv light and there is pme* 
tie-ally no soil enmt. 

Ylien the ^\atorlogg^♦(I urea uns Imiidcd over it vas ennya^*^' 
ft good croj> of siigarcnno vliicli bad Ijonn sold in tlio previous yc-''^ 
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lor Es. 4,800 (plot* C, F nnd S only). linnding over owing to 

the lack ol inter.cuUivation ?orkantlo ha- itivft(l''d Iho area and !ia=^ 
crowded out the Fngarrano to ?uch an oxt«‘nt (hat nonf> now oxi-t<;. 
histoad the land i? tjtod as a pasture and in c«»rtain part^ tho gras^ 
is good. 

(1») ITiur Soils . — Plot ,i/l. — ^Thi< plot wa-. a typical salt area 
before roclamation. It wa® first taken up for reclamation in 1931. 
It was reclaimed during thi' year and had c.arriod crops 1932 

and 1935 ol sugarcane, cotton, wheat, senji, liorecem nnd chillios. 
The yield? ol these croj»? during tin*. p»‘riod indicated that tlio reclaimed 
land might lx* con«iderMl first clnct:. The analyses given in the table 
for this plot show that it i- still in a condition to produce oxcollont 
crops. ‘Wheat had bex*!! sown nnd the crop appc.ared to bo fairly good 
and even. Tlic preparation ol the seed lied had been a vorj’ superficial 
matter as it was noticed that large clods ot earth existed. Both from 
the state ol tho crop and the figures for tho analyses it can bo stated 
that deterioration lias not again set in although tho soil crust is not more 
than 3 loci tliick and the water-tablo in the undorlying sand is touching 
the soil crust, Tlie water-tablo bas a conductivity of 1,250, which 
means that it is saline. In this plot tho field and the subsidiary 
drains had ceased to function so that tho wator-tablo as indicated 
by the water standing in tho drains was within 3 feet of the- 
surface. TIio area had formerly been irrigated but on handing over 
to the lessee the water-supply at the outlet serving this area had been 
reduced. Ko irrigation bad been given to this area since handing over. 
As no irrigation bad been given there would bo little tendency for salt 
movement downwards. Thy conditions were more suitable for salt 
movement upwards. Since the analyses do not show this upward 
movement by the accumulation of saU in tho surface layer it indicates 
that the reclamation, once the salts have been removed from the soil 
crust, is likely to be permanent even under the worst agricultural 
and Bub-soil water conditions. 

Plots G/1 and Q have also been sampled and both from the 
analyses and the inspection of tho crops it can be stated that the remarks 
made as regards A/1 apply to these areas as well. Plot Pfl was not 
sampled as it was adjoining A/1 and G/1 and appeared to bo similar 
in condition to these plots. 

(c) BahJiar Soils. — Plot Hfl . — Tliis plot was taken np for 
reclamation in 1931 as an experimental measure to dotonnino tho 
difficulties that would be met with in reclamation of soils of this typo. 
The initial pH value of tho soil in this plot was over 10*0 and it ropro- 
sented some o! the worst land to bo found in the Pxinjab. The bad 
condition of tho land was entirely duo to its high alkalinity. Some 
idea of tho poor state of tho land is given by the fact that tho maximum 
yield of rice obtainod from any field in this plot was not moro than 
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4 marads pot acre during the first year of roolamation. Pro® 
analyses given in the table it will be seen that at the present t.m 
the pH value of the soil and the total soluble matter present ate sum 
as are found in fairly good land. At the end of 1935 four oiops o ^ 
had been grown and it was considered that the majority of the Ima 
had been reclaimed. In some portions of the plot berseem anti s „ • 
cane had been introduced after three rice crops and had made om 
growth. Tliis area is still under cultivation, the rice stabWe inm 
cafed fairly good yields and the crop of wheat on some of the tielM 
•was makiug good growth. 

As the area is stUl under crop and as the soil analyses indicate 
that no deterioration has taken place, it appears that the 
■of the Kakkar typo when complete is permanent. It oo , ‘ 

rocominonded that tliis typo of land should be taken up for roc ai • 

The study of tliis tj’pe of land has been and is still valuable 
understanding of tlio processes of soil deterioration and reclama • 


(in) Serial Suruews,— In the Annual Keport for J9B7 tlio metho 

of soil surveys by moans of mrial photographs was dosonbea 
WHS mdiented f . . • 


iiablo than the ' • 

Patwaris. It ^ a a • ftle 

protation of Id a . ; i* • . • . . > ■ 

sunoy c.irriod out by the ^atwari showed largo tl^scropancies > 
wore ultimately traced to the inaccurate records maiutamea oy 
Patwari. The matter ■was discussed in the ‘Waterlogging 
for the year 3 937 and it -wfis decided that instead of basing 


iot liio ytuir auu lb WHS uociaou huai- lu-ibuttu mi.-— •© - 

on the comparison of only one ^^llage a whole photograpli of a i 
of about 14 square miles in the Sheikliiipur.a district bo imcrp 


of about 14 square miles in the Sheiklmpura aisvncv uu 
4ind compared •with the ground survey made by the Tatwans. 
results of tljo intoriirotation of tho mrial photograi»h for tw • i 
of 14 square miles are given in Table 88. Tliis shows i * 1 ,^ 

total cultivable area of 8,535 acres, 3,529 acres are thur (salt) n 
rest more or loss under culth'ation. . •» 


luiu ur uijuui HviUu* , . 

On account of other important work in coiiiioction o^q( 


Un account of other important work in coiiiit»cbiw* ^ ^ 

surveys it •was not possible to make a groimd survey field h 
nJ) tho 8,585 acres but a chock •was made in the field in 
tho Patwari responsible for the ^rda-wri and tbo Qanungo of n 
(or thf followng six villages : — 

(1) Pahrinnwala. 

(2) .Tnita. 

(B) Qilla Sahib Singli. 

(4) lindo Murndo. 

(5) Qanungo. 


10 ? 


For iho purlin'^ of <tji» rlif*rk n vrnu projinrod for 

’Cftcli of ilin itiforpp’tntinij of fho n'riAl 

pho(opm)ib« nml t!i'* I’flUxari'p pinlawri. TIj*' rti^'ok on Iho pronnd 
carri'nl onl in for fioM« nnil tlio am mportofl 

in TnM»‘ if?. From Tnfil** If? it i*i cloar that tin* Fftl^^lmV stir\'ny 
•catriod out in winter 1?30*07, roportod far loa- Omr tlmn i** 
indicated act\jidly in tli** Hold. For n total tliur an'a of ^oC'^ 
acro^ tliat cxi^l^Ml in lln)»i 071 *"» arr»-» wrn* roportod from 

tlio mtori»ri‘tati<ui <d iho n-riat jdmlop'ajdi-* tlio PutwnriV 

sunTv 'howod that only 80*12 arro- of tlinr oxi-^tod. Sinco IMT 
tlioro may havi* Ik'^h ••omo incn'a^* ni tho an*a nndor thur. But it 
is inconc(ival)lo that (Ikj inrrt*aM‘, diinii]’ tlio poriod of two years, 
would bo of tb<* ordor of 5100 jht cMit. That tin* cheek on tho Patwari’a 
surN’cy by iucan« <if the int<*q»rc<a<ion of lurial phofo^n'ldK Ims had 
a profoiu\d vnOucncc ww Uis wtwk t> indicated hy the figures for tlmr 
rej)orto<l hy tlio Patwan during (ho next hnra’<-«t, Kharif 1933. 
Comparing the Patwiiri’s rigun*^ for Unhi lOJlT and Kharif 1033 tho 
thur area suddenly jumpod from S:l*12 aero-, to COo'-S acres. 

dudginp from lla^^o tipim*'* it can <afoly be assumed that the 
aiumal detorioratiou of .'0,000 acres of laud d‘no t» thur roportoci by 
the Patwarih is a vciy con«oia'aUvo estimate. Tho damape is muon 
more than tins. AsMms already lu'cn inontionod, special survoys 
show that land is going out of cnltivntion at a ra])id rate oven iQ 
areas with a deep wa(fr*table. B scoins important tlioroforo that the 
extent of damage duo to thur should bo inv(‘'tigated as early as possi- 
ble and, as tho proprossivo deterioration l^ great, this information 
should be obtained m ibo lea'll possible time Tho quickest and the 
cheapest method of obtaining tho information is tho taking of rorial 
photographs of tho doahs io which land ilotprioratitm is taking 
place and their interpretation in the Tnstituto. 

4. — ^Miscbulankous. 

(i) The Exiwnnaiion of Droi«o. 7 C irn/crs q/ ihe Chnj omi? ihe licchna 
Donbs. — "IVith tho dovolopmont of canal irrigation and the consoquont 
riso of water-table in tho Punjab has arisen the question of drainage. 
The problem of the rise in w’ator-tablo and tho extent to wdiich drainago 
is essential for the Upper Chonab Canal area has been dealt with in a 
previous publication of the Instituto. In the vicinity of somo of tho 
main canals and branches the water-tablo had risen to tho ground 
surface. Since the year 1908, which was a uncord year for rainfall 
and which was tho main cause of a ponnanoiit rise of a Iiiph onlor 
in tho water-table of most of tho canal irrigated tracts, th»' Irripitior 
'Branch has studied tho question of land dminago mucli mon' closely. 

In tho first place tho construction of the main drains for an'as 
whoro waterlogging had aclually occurred was starfed. Tjator, a 
five year programme of drainage for removing rain water quicklv 
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from tho Oliaj and the Kocima Doiibs was taken up. Most of the main. 
drains have been constructed. A programme for the construction, 
of the branch drains is now in hand. 

With tho development of drainage has arisen tho question of 
the disposal of drainage waters. With this end in view a regular 
examination has been made of waters from the major drainage systems- 
of tho Cliaj and the Kechna Doabs tlie resnUs of which are discussed 
below. 

The Choj Doab . — In the Chaj Doab which lies between tho rivers- 
Jholum and Chenab are situated two main drainage linos. Towards 
tlio Chenab side is the Budhi Nallah wliicli starts near Gujrat travelling 
south-west as far as Ahmodwala wliore it joins the river. It is interrupt- 
ed in many places by sandy channels, small and largo, which liave evi- 
dently been occupied l)y tho nver at various periods and which are at 
places about 10 feet below the level of flio adjoining country and 100- 
yards across. Tho wliolo of tho Dudhi Nallah drainage system has not 
yet been developed, Tlio first link to bo constructed was the Wan 
Drain which has been desciibed in detail. 

Towards the Jlioliim side, tho main natural drainage starts 
north-east of tho town of Miam and travelling parallel to tho river 
discharges into it near villago Kabra in Jhang district. This drainage 
is kT^o^Tn as tho Baiiiwali Drainage. 

In Pig. 80 are shown tho main, tho brancli and tho subsidiary 
drains that liave eitlior boon constructed or are jiroposod to bo construct- 
ed. 

The Dnnnage System . — This is a not work of sovoral small 

drains fonning more or le«s a complete circle wliich drains tho area 
between the Clienab Bscapo on tlie nortli-oast side and tho Southom 
Branch Lower Jholuin Canal on the nortli-wostom portion. Bliabra 
Drain i*! also a link of tlio Wan Drainage sy-^toin. Tlio total catcliment 
area of the Wan f«ystein of drains is of the order of 28 square miles. 
It is 0 s 3 ’stom of ."cojiago drain-: carrying tho waters of tho waterlogged 
area of tho depre-^^inn between tlio Southern Branch and tho Chenab 
Eveapo Channel. 

Samples of water have been taken ovor^' mouth from lO.S.'l to date 
fr«*m tho point where the Main Wan Drain starts and also at its tail, 
i.e., K. D. 87 , 000 . -\t this place the waters from tho drain nro pumped 
into tic* Khadir Bniiich tlio pumps being worked by monns of a water 
turbine wIh-m tbo canal is in flow and by means of Ruston Engines 
svhf*n it IS closed. Samples Iiavo also been taken of the mixed canal 
and dmiii waterv nt a distance of 1,000 f<*e( downstream of the point 
at ''Inch ilr.dn i*. ptmipoil into tbe feeder. Table -10 gives the 

Uj-'CliargM of (},„ dr.iin at its tail and also the re-ults of the analy.ses 
of 'valors for till ^\hol(^ of the period for wliicli tho 'vnt(*rs have boon 
examined. l r<im (Jm re-*uUs pn>«oiited in this fnlilo it 'vill bo peon 



that tly* fall nl oi th“ waf.-r^ in *lra;» att! of tli*' mix*>! wAt''r' 
ia th^ Kliadir llranrh ln\f lJ••^•r 1 T-O p'vTt* p-'f 

It ha* alrparly »linni« that axat^r^ liaann: n «a!t 0 'nit*'Tit of !•'?-« 
than CO part® prr lon.fvvt of tialrr ntf* ftntniilr for impatioii, i.o., 
they do rot cAti*o nny dftrnomtion of land. Tlio wat^r^ from t!io 
^an Brainapo FVftfm liaar, thrrrforo. n'cnmtnon(h'<l for irnpa* 

tion either din'd or after havmp t*con mixed with canal uater. 
Ihe pn value® indicate that tlio WAtery nn' not vera* alhnlino. 

Tkc Uaniimh Ihaxnnge Sv^irni. — A® ha® been mentioned nbovc, 
this drainage Ftart? north-cn«t of the towm of Minni and disclmrpca 
into the river Jhelum near village Knbrn in the dhnng district. It is 
cro?sc-d by the Sulki llmnch Lower .Ihehiin Canal and n cut ha® bivn 
excavated along this liranch to lead (ho discharge of the portion of 
the drainage upetream of thi® cro®®ing to the Stilki L®cape and on to- 
the river. Tlic portion of the drainage above the S\ilki llnmch 
h> known as tlie ‘Mona Hnnu’. The porliott Iving helow the Sulki 
Branch cro®®ing i® known n® the Lower llaiiiwah bmin. 

TJic Mona Drain. — Mona Drain starts fnnn the right side 
of the Main Line, Lower .Tholuin Canal, near IL D. ICO, 000 and, taking' 
the waters of the depression in villages Takhowal, Mona and Vind 
Makob, travels more or less pnnrilel to the river dheluin when it is 
joined by the cut made to <le*water the Nalu Shah dluvl area. It 
pours its waters into the Sulki Cn'ek which in turn join® the river- 
Jbelnm. 

During its passage Mona Drain i® crossed hy a n\u\d>or of 
private inundation canals and, on occasion, not® as an escape ehannob 
for some of these channels. In times otnlmonnal discharge in the Mona 
Drain water is escaped into tho Bliek Dnnn thmugh tlie Synluui at ' 
E. D. 65,000 Sulki Branch which in turn goes into the Ta>wor'lhn\i\vah 
Drain. The total catcliinont area of (he Mona 3')nnnag\> systein is‘ 
approximately 476 square miles. 

Samples of waters from this dnun have hee»\ eollooted fiv*m 
E.Ds. 18,200, 185,000, 827,500 and also from (he Sulki Civek, 
The results of analysis for samples taken at E, D. 827,500 for tlie period 
1932 to 1938 are given in Table 41. It will bo seen fnuu this (aide 
that, except on veiy rare occasions, the salt content of tl\e water ijn 
tliis drain is never less than 60 ])nrta per 100,000. On the i)asit> 
of excessive salt content tho^o water* have beej» declan‘d un®\utalde 
for irrigation. Tho pH values, however, indicate tliat their alkalinity 
is low. The results, over a period of fouryears, indicate (ju\t then' 
is no tendency for tho salt content of waters in tlii® <lrain to deejvmie. 

It is proposed to conlinuo those observation® with a view to* 
investigate the possible effect of the continued inigatlon of the 
catchment area of this dmin and tho consequent leaolnng that talo'® 
place on the salt content of tho drainage waters. 
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The Lower Banhcah Drain . — The Lower Eaniwah Drain has 
/its beginning in the Bhok Main Drain which starts near K. D. 65,000 
•of the Sulki Branch, opposite the point where the j^Iona Drain 
•enters the Sulki Creek. Lower down the Bhok Main Drain is joined 
by the Bhok Branch Drains and also the drains emptying the depres- 
sion in the Sargodlia Bomonnt Depot. 

Before the construction of the full Lower Eaniw'ali Drain the 
BlieU Drain used to end near K. D. 40,000 of the Faruka Distri- 
butary at wliicli place the waters from the Bhek Drain were pumped 
•intotliedistribiitaiy. Caivful records of the examination of drainage 
waters, since tbo construction of the Bbek Drain and the installation 
of the pumping plant at the Bhok Pumping Station, are available. 
TIjo results of those analyses arc prc‘<ented in Table 42 and the salt 
•content alone of the water front the Bhek Drain is shown in the form 
of a curve in Fig. 87. From the results presented in Table 42 and Fig. 
S7 it can bo concluded that the salt content of the Bhek Main Drain 
rose consistently from 240 parts per 100,000 in 1931 to about 876 
parts in 1933. ft fell to about 350 part^ m 1935-86. To start 
vitli the pumping from (he dniin was not wrv large but when 
it inoren^od to 16 cu«ecs and later to IB msecs* the salt content 
of tlio mixed waters in tin* Fanikn Distributarj’ increased beyond 
the limit at wliicli water is considorod safe for irrigation. Under 
tbo advice of tlic (n«tituto pumping was, tlierefore, reduced to only 
8 cusccs. The Bliek Pumjung Station was stopped on 2l8t June, 1986, 
when the Lower Bnniwnh Drain was opened. 

\\itli tbo construction of the Sargodha Itomount Depot Drains 
and the conscfiuent opening of tlio Lower Raniwuli Drain tbo salt 
content of the drainage 1ms considcrablv increased. The results of the 
analyses of waters from the tail reach of the Lower Raniwah Drain are 
given in rnblo43. lliP'se rcMills show that the salt content of the waters 
m the Lower Raiuwali Dram ar<* vcr\ high. These waters should not 
bo used for irrigation. 

_ The water-table in the iiead reach of tlie Lover Raniwah Drain 
is high. In the tail rtmch also il is again higli. It is concluded, there- 
fore. (liat the salt from the eafcliment area of the drain is being removed 
iritf» tile drain. I'urtlieraimlj'.seswillsliowtlie improvement that takes 
rjace in the <iniilify of the drainage waters and its ofToct on the condi- 
tion of tlio adjoining land. 


The total catcliment area of the Lower Raniwah Drain is 
apiiroxmiately 301 square miles, 

_ Thr Ilcchm Won/).— rrior lo the institulion iit tlie live yenra' 
dminnpo rrop-ninmo the fj-slrai of drninngo Ihnt Iwd developed to 

Sen? In other c«5«r 

rloggmg existed drainaga was provided by pumping th 



1 yCnllnh * — Tho Vwijh « •*UT(iU‘t* m .i I t. 

^onu' *;ix intK*> to t!u‘ Sotitli of ras«\ug th:r-<l=i 

Kamki. Mfirh, Ua-hi. S.u\au\»i\ra. .thook. Sm' an>l M»V.i*TI 
it join> (hori\iT ('fu'nai» iioar ('hajv Khattt. It luw >itKv Iv*- 
so as to tako tho of tko Kalvrwata, tfit* *Uiaitau\ra^ 

thc' Alimodpnr dnuii', TIu'm' dnoiu batiJr 

^aterio;iged area^ on kotli sid«*s of tfto l.to\o\ t'lu'uaf* t'anal, Main 
Idne. The avoragt' disolmrgo of tia* Vwjjh XaUat\ w ‘M'lMAXNnnatofr 
40 ctisecs during tlio wintor uu>mh<. Tito ma\omtnMUM‘n5\\^*o 
®d during the monsoon lis\« boon MHt 

Samples of wateis wore InUon at (k fk 'i'J.t'tKl of tl\x' \‘a^l\ Nallalu 
The results of analyses are given in TaWe tfv 'Vhoso tVNntta tn\\n'ato 
that the waters in the Vagii NallaU im' awitsthlo (ov ittti^atnnt Tt\a 
total catchment area of tlio Vagh Naltah l''mittagx' Syatent a\'\\\\\\t 
mately 450 square miles. Tlti'j inolotles aUo tt\o awa on the t'hhet' 
Chenab Canal lying on the left side of the bower Ohenah t'anaf, tVa 
storm water of which is taken np by tlm drainage systent, 

P«mj«*np Sfafiojis. — The pumpmg statuai^ st»owt\ on ((ye yyy^sp 
of tho Bechna Doah were mainly m'^lalled to pnnyp water tt\nn iyxyad 
depic’jsions or water received as drainage fnnyi lymlier an'a*-, 

A statement showing the di'-fharge.'s pumped ami tlie ustdia 
of analyses is given in Table dS. l*'n>m tly«' iv'^uhs m Tyybh» .\f> it will 
be seen that the waters pumped at (he t'adUana l’y»n\piiyg Station 
have always had a high salt content and ha\e. thy'rt'li'iv. lyeen unfit 
for irrigation. Tlie Kfarli r«nipmg S(n(m» h.'is ('"f'pmg wafer 
of almost the same salt content as the SadUaiya Vumeil^^ Station- 
This is also unfit for irrigation. Tliewntcrsat theJ^alarnml tiroBardcH 
Pumping Stations and also tho Pumping Stations nt lb i) 

Jhang Branch have, however, n relatiVoIj' Iow<>r salt content 
•at ^larh and Sadkana. 



(ii; A survey of ihc Open Wells oj the Punjab icith rejerenr.e 
I'lo the prissibility oj Tube-wcll Irrigation. — As regards irrigation, the 
Punjab plain can be considered under three types : — 

(11 Tracts provided •with flow irrigation^ — perennial or non* 
perennial. 

(2) Tracts in which Chain irrigation is prevalent. 

(8) Tracts which ore devoid of any irrigation facilities and 
depend upon rain for agriculture. 

It is well-known that lift irrigation is more expensive than 
canal irrigation. For canal irrigated tracts therefore the introduction 
of lube-wolls is out of question. Two other tracts, i.o., one that 
is alreay irrigated by open wells and that which is not yet provided 
'With any irrigation are, therefore, to be considered. For both 
those tracts it is impossible to come to a decision unless the cost 
of irrigation by open wells sunk by zemindars themselves is known. 
That tins enquirj’ is important can be judged from the fact that 
out of a total of 15 million acres -1 *8 million acres are irrigated by wells. 
A certain amount of information on the subject is available in publica- 
tions 21, 85 and 10 of tbo Board of Economic Enquiry but certain 
factors, o.g., discharge from tbo well and the delta used, which liave 
a bearing on the subject, have not been taken into consideration. 
Moreover some tracts whore well irrigation lias assumed importance 
have not been dealt with. In order to obtain full data on the economics 
of open well irrigation, a detailed enquiry was set on foot and a 
special senior zilladar was appointed to go over the well-irrigated 
areas and examine selected estates. Tbo services of the local patwari 
were placed at bis disposal by tbo Deputy Commisioners of tho dis* 
tricts. For tbo sake of uniformity a questionnaire was drawn up 
and tbo zilladar was asked to writo tbo answers to those questions 
during the course of this enquirj*. Tlio results obtained have been 
summarised in Tables *10 and 47. Before discussing the results it 
seems advisable to give brief notes on tho methods of measurements. 

1. Depth to ivatcrtahle. — Depth to well water was measured by 
m«-!ms of a boll sounder before tbo well bad started working. From 
tla* total depth from the topmost part of tbo masonry to tho water 
surface in the well wa** deducted the differonco between tbo natural 
surface and tho top of tbo mn«onry. 

2. .Ifcnsarcjncnf of discharge. — For measuring tho discharge 
a^dnim vhich was accurately calibrated was used. At tbolioiglit 



hnmi uiitnKtvm* io \\nrk tlio ImllfM'l.ji 
*{ the normal «pfs,-.l. Al*^nt «nr!i tn'linr' fiHinit f'’nr prtllon^ 
^n? talcn for ont' %\r!l rvn'l frf'm tli^ nv^r.^c*’ ••( tlifso *20 rcadinr? 
ire di«oliar^o va«. votVmI t>nt. 

Tinr (nl.rn fn tmcif^ one . — All ••fTori'j \rrrr 

rcado to oMnin octual ri .ulmj:' •»» *1^* ‘•J’ot. I'or Ihi* jmrpo?o lljo 
^iQ to vluch tlio r* mindor Mniitinl |o npjOy wntor vn** nipo^urod, 
f ll)«' vnJ<r w.'j*; l^t m tho Ijold njiil tho tiino wlicn tho 

i^Iq wac fu^i Uf ro rrom tljo linio tnl\rn nml t)jf* oren irri/^ntod 

tno total limo nqjjjn-fl for jrrip.itjn? ono ncro fudil nns cnlcnlntod. 
fn addition i-nqijiri**^ wn* niad^’ from llu* r**ininflnrs tljrrn'olvt*^. It 
^as found that in alm'M j.ll ca<c*^ thf* timo taken to irripato nn arro 
as stated hy the 7^niindnr?i wa-^ nearly the «amt* nctually ohir-rvod 
by the zilladar. 

d. Co.<f oj sni/.oip (1 treff. — From Table -IO it will bo foen that 
the cost of sinkinp a %\cll varioF very con'^iderably. Tliis wide varia- 
■tion is duo to the following factor* : — 

(0 Depth to v,ell water and the diameter of tho well aro 
tiio main factor?. During tlii? enquiir it was found 
that the diameter varies from S feet to 12 feet. 

(it) In the same locality some wells are not provided 
with boring pipes and strainers, otliers are. 

(tit) Some of these wells were built during tho war when lahour 
and materials were expensive. 

(tr) In certain cases the superstniclure has been built m 
cement or cement concrete and a raised platform was 
constructed. 

In parts of Multan district sites of old abandoned wells have 
been traced and the wells cleared for use. 

5. hitCTf^st fl?n? VcfrcnaUon . — Tliese have been worked out 
on the basis of rates locally preA'olent. 

G. Basis o/ Eaguiry . — X cultivator and bis family ha%o htH’u 
taken as the basis of the enquiry, i.e., the accounts aro eompiltHl for 
the land this farmer tills himself with his own bullocks and with the 
help of his own family. In certain cases tliis farmer duos work on more 
than one well. It may be that he has a sharo on nil tho wells or that 
he may have taken land on lease on ono or all tho wells. Au effort- 
has been mado to give his actual costs and income. In this case ii b; 
important to mention that if ho is tho owner of tho well he ha= go) lo 
stand the interest and the depreciation charges on the con-»Uii',tion 
•of tho well. But if ho is a tenant or has taken land oa. rent tlj 
ciation and the interest charges are included in the rent or m il> ijtitr 
• of batai. 
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Discussion op Kesults. 

Cost of acre irrigation hy open wells in diferent parts oj,ihc Punj- 
ab. — From an examination of Table 46 il -will be seen that wells 
with varying depths situated in various parts of the Punjab having 
different climates have been examined. AVells with depth varying' 
from 4*6 feet to about 56 feet were studied. In this table three- 
columns are the most important. The}* are : — 

1. Discharge from the irell. — ^The discharge vanes from 0’06- 
cusec to about 0-19 cuscc, 

2. Cost of one acre irrigation. — Out ot the 51 wells examined’ 
40 are such that the cost of one acre irrigation lies between Es. 2-8*0 • 
and 7-8-0. There are live cases where the cost is less tlian Es. 2-8-0 * 
and about six in which it is liigher than Es. 7-8-0 per acre. 

Dealing first with those wells where the cost of irrigation isverj* 

high 

(a) Bahmidinpur. — This village lies in the Sirival tract of 
Jullundur district. U'ater-table in this area used 
to be vep* high in the early days. A high water-table 
with a high rainfall was sufficient to mature the crops.. 
During the last 25 years the water table has fallen to* 
a depth of 25 feet from the natural surface. The fanner 
whoso estate has been examined was the first to instal 
a well which is said to have cost him approximately 
Es. 1,600. Till last year ho had not irrigated more 
than two acres in a year on this well. Interest and 
depreciation which amount to approximately Es. 205 
have, thoretore, been debited to the total number of 
irrigations on these two acres. This lias raised 
the cost. Since the installation of tliis woll this 
farmer has been trj-ing to persuade other zemindars 
to Bliaro his well so that ho may bo able to recov'cr a 
part of the interest and depreciation charges from them. 
He is also inaking cfTort'. t<» put more of his own area 
under chahi irrigation. 

(b) Dhepur. — This village Ik*', m the same Sirival tract and 

therefore the above arguments also hold good in this 
ca**!'. 

(c) Dasii Ghiilant JJtif-sain, Ihe cultivator who is the sole 

jtrojm^'tor of the well has .j xjuder 

chahi irnpation. TIih has, therefore, raised tlio 

CO-its. 

(d) Dugri^ln thi-^ caM* the cost is high h, -cause* the well is 

Ycrv- nrcly worked. Jhe total irrigation during the 
\ year is not more than 0-76 acre irrigations. 
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be Foen thii fo»i o! h(i»nr i* tk*#*!/' Inch on of 

«oornul circtimslAjir^**. Mnlmmly tl.f* cn*i n* in lh« nJliAf -fl c%tM 
.‘hoaJd lie betwet*!! H«. 2-s.(» nn«l IN. prf nm* imVAtion. 

Dc-ilinf; nmv xriili ilimo wli^rr ihf coil nf irri^v-ilion is 

«oDorraany low :- 

(o) In lhi« vill.i^f* tin* n1^n ii 

WHflor f'Ximinitjnn li.'t< only on<'*lljirTl Fhnro in tlio 
Well \vii(*r*'as <hi<' to tli** nb*‘'n<'o of oilier owners ho is 
iililiein:* ulmo^t li ilf tin* •‘li.irt*. Ho ii tluis^nhlf’ lo 
imeato a innch HTf;«T nr*M than ho is enViHod lo. 
If ‘lepmciation and intcrt“<t for linlf plmro of ll»o well 
nro dobitnd lo In^ account llio co«t of ono ncro irriga- 
tion N'ill ho approximnlcly Hf. 3. 

(b) Chak iViram and Tarannya in Gujrjntcala liistnci-^ln tbo 

Gujranwnia district some landlords have lately pnt 
in a largo number of wells and havo given up canal 
irngotion. In such cases Ibo tenants on vroll irri- 
gation bavQ not agreed to boar any interest and depre- 
ciation charges on tlio well or the persian wbool, 

(c) Jarala and Dorana Langana in Multan district . — In 

Multan district tboro ore several tracts whore it is 
very difficult to keep tenants on purely chabi irriga- 
tion. In such tracts, therefore, the landowner gets 
only one-third share of the produce of wheat and leaves 
the tenant to use all the Kharif and the other 
Rabi crops for himself. In such cases, ns the interest 
and the depreciation charges on the well are not debited 
to the cultivator’s account, the costs of irrigation havo 
been low. There are instances where zemindars 
have spotted sites of old abandoned wells and 
have cleared them for use. In such cases the cost of 
construction of the well is very low and hence its depre- 
ciation and interest charges are small. As the land- 
lords Iw Mnllan dlslrict get very IHUe return on their 
chabi lands it may be concluded that ■ they would, 
welcome the idea of tube-well irrigation because in 
that case they can realize full rents. 

In calculating the costs of irrigation by open wells no account 
has been taken of the labour required for driving the bullocks and for 
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Discussion op Results. 

Cost of acre irrigation by open mils in diferent parts ojihe Punj- 
— From an examination of Table 46 it will be seen tliat wells^ 
with varying depths situated in various parts of the Punjab having 
different climates have been examined. Wells with depth varying’ 
from 4*5 feet to about 56 feet were studied. In this table three 
columns are the most important. They' are : — 

1. Discharge from the well . — The discharge varies from O'OB- 
cusec to about O' 19 cusec. 

2. Cost of one acre irrigation . — Out of the 51 wells examined 
40 are such that the cost of one acre irrigation lies between Es. 2-8*0' 
and 7-8-0. There are five cases where the cost is less than Es. 2-8-0' 
and about six in which it is higher than Es. 7-8-0 per acre. 

Dealing first Avith those wells where the cost of irrigation is very- 

high 

(a) Bahaudinpur . — This village lies in the Sirival tract of 
Jullundui district. Water-table in this area used 
to bo very' high in the early days. A high water-table 
Avith a high rainfall was sufficient to mature the crops.. 
During tlic last 25 years the Avater table has fallen to* 
a depth of 25 feet from the natural surface. The farmer 
whose estate has been examined A\*as the first to instal 
a well wliich is said to have cost him approximately 
Es. 1,G00. Till last y'ear lie had not irrigated more 
than two acres in o year on this Avell. Interest and 
depreciation which amount to approximately Es. 205 
have, therefore, been debited to the total number of 
irrigations on these two acres. This has raised 
the cost. Since the installation of this well this 
farmer Ims been tiying to persuade other zeraindars- 
to share Ins Avell so that he may' be able to recover a 
part of the intero'^t and depreciation charges from them. 
He is also inaking elTorls to put more of his own area 
under chain irrigation. 

(b) D/icn»r.— Tin’s village lie.s m the same Sirival tract and 

therefore tlie abow arguments also hold good in this 
cn«e. 

(c) Bassi Ghulom Iluisatn . — Tlie cultivator Avho is the solo 

proj>rietor of the well has put a ven* small area umlor 
cliahi imgalioii. This has, tliereforo, raised tho 
costs. 

(d) Daffn'.— In tiii-s co.se the co-,t is higli because tho Avell is 

veiy rarely worked. n,o total irrigation during the- 
\ year is not more tbnn C *76 acre irrigations. 
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ii vnibe F(*cn thot tbr* rf\%\ n! liltinr w.n!<«T i» v/'n- Inph nrj ft-'Vt'jnt of 
t^oormnl cirrnmsl.‘i}ir‘<*». *)r'lfnAn)v t)}^ rfr*: «* in ib" -i) 

should lip bctwo<>n IN. H-S-o nnd IN. 7»‘'-0 p'-f nov* im?A!rin. 

Dealing mnv trjili !}jo»f» th'’ of irrI;^4i:on fi 

^haormallj low 

(а) In tlii« vill.i?^ ih** nnn it1jo»'’ w 

Mtidpr rTamiiiition lii« onlv on'^'lliiftl •h.tr*' in tlio 
Wf'Il wlicrcaa <!«'• fo tli** of other ownf>r* Ik* N 

utilising nlinoit Inlf ilif* «h.'»n*. II*' i« llitu nhlf' to 
irrigalo n much hrR<T nr**a th.an h<' riiliH(‘<I to. 
H «h’im*cintion r\n<\ mtcro“l for hnU plmro of llm well 
nro (lohiu d to lii^ necomit tho co.**! of one ncro irriga- 
tion will ho approximately Rf. 0. 

(б) Chak Nizam and Taraumja in Giijramcnhilistnct,— In tho 

Gujranwala district ROmo landloriN have lately pot 
in a largo number of wells and havo given up canal 
irrigation. In such eases Iho tenants on well irri- 
gation havo not agreed to bear any interest and depre- 
ciation charges on tho well or tho persian wheel. 

(c) Jarala and Dorana Langana in Multan district . — ^In 
Multan district there ore several tracts whore it is 
very difficult to keep tenants on purely chaUi irriga- 
tion. In such tracts, therefore, tho landowner gets 
only one-third share of the produce of wheat and loaves 
the tenant to use all the ICbari! and the other 
Rahi crops for himself. In such cases, as the interest 
and the depreciation charges on the well are not debited 
to the cultivator’s account, tho costs of irrigation have 
been low. There are instances where zemindars 
have spotted sites of old abandoned wells and 
have cleared them for use. In such cases the cost of 
construction of the well is very low andhenoe its depre- 
ciation and interest charges are small. As the land- 
lords in Multan district get very little return on their 
chahi lands it may be concluded that they would, 
welcome the idea of tube-well irrigation because in 
that case they can realize full rents. 

In calculating the costs of irrigation by open wells no account 
has been taken of the labour required for driving the bullocks and for 


Discussion op Kesultb. 

Cost of acre irrigation by open wells in diferent parts oj.ihc 
a?/.— From an examination of Table 46 il ^-ill be seen that' 'wells- 
witli varying depths situated in various parts of the Punjab having 
different climates have been examined. "Wells with depth vaiying’ 
from 4*5 feet to about oG feet were studied. In this table three 
columns are the most important. They are : — 

1. Discharge from the well. — ^The discharge varies from 0‘06' 
cusec to about 0-19 cusec. 

2. Cost of one acre irngaiion. — Out of the 51 wells examined 
40 are such that the cost of one acre irrigation lies hetiveen Bs. 2-8-0' 
and 7-8-0. There are five cases where the cost is less tniin Es, 2-8-0* 
and about six in which it is higher than Es. 7-8-0 per acre. 

Dealing first with those wells where the cost of irrigation is very 
high;— 

(a) Bahaudinpur . — This village lies in the Sirival tract of 

Jullundur district. Water-table in this area used 
to be very liigli in the early days. A high water-table 
witli a high rainfall was sufficient to mature the crops. 
Daring the last 25 years the w'ator table baa fallen to* 
a depth of 25 feet from the natural surface. The fanner 
whose estate has been examined w’as the first to instaJ 
a w’ell wliicU is said to have cost him approximately 
Es. 1,000. Till last year ho had not irrigated more 
than two acres in o year on this well. Interest and 
depreciation which amount to approximately Es. 205 
have, therefore, been debited to the total number of 
irrigations on these two acres. This has raised 
the cost. Since the installation of this well this 
farmer has been trj'ing to persuade other zemindars 
to share liis well so that he ma}’ be able to recover a 
part of the interest and depreciation charges from them. 
Ho is also making efforts to put more ot his own area 
under chahi irrigation. 

(b) Tills village lies in the same Sirivul tract and 
tlierefore the above arguments also hold good in this 
case. 

(c) Bassi Ghuhin Hussain. — Tlio cultivator who is tlio .«olo 

proprietor of tile >voU has put a verj’ small area under 
cluiht irrigation. Tliis has, therefore, raised tho 
costs. 

(d) Diigri. Jn (jjj, the well is 

'en* rarely worked. Tho total irrigation during the 
J cat is not more than C‘7G acre irrigations. 
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ihit thz' rnx\ o{ hftinc rcn\^ 1 * von* hich on ac^^nnnl of 
circnm*J.\ii<'r‘s. 0^im^nK• il»f» cr»»l n« in ih^ othz’f ‘fl cnjcl 
'waid lie bctn-^z-n H*. 2‘S-O ftn«f lU. p«'r nrrc* im*RAtion. 

Dealing nft*r wiilj i!;n»r' t!ip cojt of img-ation is 

^Mormally low :- 

{a) In Uu* villag.' tln« nnn ^ho !0 c?Ule is 

nij'Ifr r^.Tmuntion ha< only oni'-thittl shnro irt tho 
w(>n <h»«* to th<* ali<*<*nro of other ownow ho I3 

milling nhno^t h»H lh.‘ -hare. Ho \\ tlnn nblo to 
imgatp n ninch hrgor nr»*n than ho is onfulca to. 
H «h‘pn'c»ation ami interest for I)alf flmro of Iho won 
nro <lohi(c'd to Ins nccount tho co«t of ono ftcro jmga» 
tion vill ho npproxhnalcly Up. 3* 

(b) ChahN\:nmnndTara>imj^ i„ Giijrjnimla ilislncl.—ln the 

Guitamvftla district pome Inndlords hfivo latolj ptit 
in n largo number of wells end havo g>von up canal 
irrigation. In such eases tho tenants on woll im- 
gallon have not agreed to bear any interest and depre- 
ciation charges on tho well or the porsian wiioel. 

(c) Jarala and Dorana Langana in Mtdlnn disfricf.'^ln 

Multan district there aro sovoral tracts ^h?^® ^ 

very difficult to keep tenants on purely chani irriga- 
tion. In such tracts, therefore, the landowrwr gabs 
only one-third share of the produce of wheat and leaves 
the tenant to use all the Kharif and the other 
Rabi crops for himself. In such cases, as the interest 
and the depreciation charges on the well are not debitea 
to the cultivator’s account, the costs of irrigation have 
been low. There are instances where zemindars 
have spotted sites of old abandoned wells and 
have cleared them for use. In such cases the cost of 
construction of the well is very low and hence its depre- 
ciation and interest charges aro small. As tho land- 
lords in Multan district get very little return on thoir 
chahi lands it may be concluded that they would, 
welcome tho idea of tube-well irrigation because in 
that case they can realize full rents. 

In calculating the costs of irrioation by^ open woll.s no account 
has been token of the labour required for driving the bullocks and for 
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diverting "water from one small field to another. If tube-well irri- 
gation is introduced verj” little labour would he required to irrigate 
one acre of land. It is calculated that on an open well it tabes approxi- 
mately 24 hours to irrigate one acre of land. This means six men are 
required for driving the bullocks and diverting water from one 
field to another. In terms of money this will amount to Us. 2*4*0. 
If annas 4 is taken as the cost of labour required for irrigating one 
acre when it is commanded by a tube-well the difference in the two 
costs is Ks. 2. If this is added to the cost of irrigation in the case 
of the open well the true costs will be much higher than are indicated 
in Table 46. 

In general it may be stated that if the total area irrigated during' 
the year is high the cost per acre irrigation is low. If the area irrigated 
is low the cost per acre irrigation is high. 

8. Depth oj each irrigation . — Figures for the depth of irrigations 
given are shown in the last column of Table 40. It will he seen that 
the depth varies from approximately one inch to about 4*2 inches. 
Un a closer examination, out of the 51 wells examined 87 wells are such 
that the depth lies between 1*5 mebes and 8*0 inches. There are 
five instances in which the depth is below 1*5 inches and nine cases 
where it exceeds three inches. In the majority of the cases 
high delta seems to be due to the relatively higher discharge fronu 
the well. 


The Economics of open well and Ttihe-well Imgaiion.-^ln Table 
47 comparison has been made between the economics of open well 
irrigation and tube-well irrigation for the same estate. For open w’ells 
costs of jrngotion as worked out in Table 46 have been used. For 
tube-well irrigation, each acre irrigation has been priced at Bs.^ 8. 
In the last column is shown tho profit per acre on tube-well irrigation' 
over and above the profit that the cultivators get if the estates were 
Under open well irrigation. From this column it will be seen that, 
except for vei^* few cases, the farmer gets a higher profit per acre 
on tiio introduction of tube-weJl irrigation than in the case of open 
W’cll irrigation. In these isolated cases reasons for the relatively lower 
costfa of irrigation by moans of open wells have already been 
Jf, a'' js already mentioned, costs of labour employed for irrigation 
are taken into account these estates would also show higher profits 
in tiie case of tube-well irrigation. 

Ibo costs one point must be borne in mind 
anu t mt is that the wells have already been constructed by the zenun* 
dare or their ancestors and tli 03 ' do exist. With tho introduction 
!! oiic m I 41 “ nlrcadj* invested in the construction of these 

tor intfrf i-t by the cultivators and charges 

niie to lio JrvJ.- un llio construction of wells w'ould conti* 

rnic to he he,uh On the contrao' it must bo remembered that a 



large iiorlion of the batnni area of the estates \\ouId hoconie clmhi 
if tubo-vrclI« vero coii'truclcd. In that ca?e income from lands 
now bamni will bo n«; intich if not higher than tlio cxi‘;ting chalii area. 
In the calculation? given in this table the income on tho introduction 
of tubo-wclN ha? been kept tho pamo ns in the ease of tho present clinhi 
area. Xo credit has been taken for any of tho present barani area 
being converted into irrigated area with (ho construction of lube-wells.* 
The average rote of II?. fl per acre irrigation on tubc•^^ells both for Kharif 
and Rabi is nho on the high side. 

(ill) ^/fflsurciHcnf 0 / Uun-ojJ in ihe Catchment Areas of Drains . — 
In order to design a project for drainage, information is required to 
enable a decision to ho made with resjject to (n) the total capacity 
of tho sub^idiarj* and the main drains and (6) tho density of tho branch 
drains in that area. 

The factors that infmonco the run-off in an area are : — 

(1) Tlic amount and tho intensity of rainfall. 

(2) Temperature and humidity. 

(0) Topography. 

(4) Character of tho soil. 

(5) Vegetation and cultivation. 

(C) The depth of tho water table. ' 

For measuring tho amount and the intensity of rainfall, Negrettv 
and Zembra recording raingauges were provided which wero installed 
in the catchment areas. The observers also lived in the area. 

A detailed contour survey was carried out to determine the 
slope of the land and notes were made on the size of the bunds made 
and maintained by the zemindars. 

A survey of each area was also made to record the agricultural 
Operations, the crops sown and the irrigation applied to fields. 

The depth of the water-table was measured every day in selected 
wells in the catchment area. For the measurement of run-off 
the W'hole of the water coming out of the catchment was passed through 
a channel. Discharge observations -were taken immediately when the 
flow of water started in the channel and readings were taken every 
16 minutes till the run-off ceased. From the discharge obsen'a- 
tions and tho time taken for tho water to pass through the channel the 
total volume of water received as run-off was calculated. Knowing 
the total area of the catchment, run-off was calculated in terms 
of cusecs per square mile. Two values for run-off per square mile 
have been given. One is the average run-off and the other is the 
maximum run-off per square mile during tho period of rainfall. Tins 
is important, because in designing a project the figures for maximum 
run-off must also be taken into consideration. This is necessary 
because apart from additions to the water-table crops like maize aro 
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veiy sensitive to overflooding and stagnant water. Experiments at 
ChakanwaU showed that if water stagnates in maize fields for 
more than 12 hours the crop dies. 

From the total volume of run-off received and the total rainfall 
recorded the percentage rainfall appearing as run-off has also been 
calculated. 

Observations were made in three different portions of the Bechna 

Doab. 


{a) An area near Khamhranwala on Pallchu Nala near th 
Upper Ghenah Canal . — The total area kept under observation at this 
site was approximately 70 acres. The main line Upper Chenab Canal 
runs at a distance of only 1,000 feet from the catchment area. 

The normal monsoon rainfall for this area is approximately 

22 inches. The tract' is fairly intensively cultivated and the zemindars 

make very strong bunds to retain the whole of the rain. During the 
ibiari! period when observations were made the crops sown were 
sugarcane, cotton, maize, rice, bajra, chari, gowara, san and tobacco. 

Observations showed that even though the rainfall on anv 
one day was as high as 3*0 inches and the intensity of rainfall os much 
as 0*72 inch per hour no run-off was received from the main catchment. 
One or two barani fields near the edge of the Palkhu Nala gave sofflS 
run-off. 

The water-table in the area is situated at a depth of approsi* 
mately six feet from the natural surface. During the monsoon it 
rose by approximately 3 ' 6 feet. The results of run-off observations are 
given in Table 48 and the results of the measurements of rainfall and 
water-tables are shown in Fig. 89. From the results in Table 48 it 
may bo concluded that if the area is intensively cultivated and the 
field bunds are well maintained by the zemindars very little water 
goes out of the fields. 


Tlio curves in Fig. 89, however, show some interesting result^ 
A study of the curves sho^vs that during the monsoon months the main 
factor determining the rise in the water-table is the rainfall. Neither 
irrigation from wells nor the vicinity of the main canal have such a 
profound influence as the rainfall. They also show that even thougo 
tho Falkhu Nala ■which is the main drainage does not get any ^ha*nag 
from areas near Khamhranwala, its discharge varies directly 
rainfall. This indicates that tho main catchment of the Palhhu ha 
is situnted somewhere higher up and that seepage or run-ofl from tu 
adjoining lands is a very minor addition to the Nala. 

ori tho Sinlkot-Pnsrur Road, having almost fha 
same ramiaU as tho Khambranwala area but n wator-tnblo 

from the natural surface ^vns solocted. 
total catchment area was approriraatoly 100 acres. Tho soil of tbe 
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.area is light and absorbs ^^nler rt^adih . 'I'lii' field bunds in the cntcli- 
ment area tvere not verj* strong mid verc not ^TDll mninlninod. A 
part of the area irrigated by well vatcr but n very large part 
vras cultivated bnrani. It 'was noticed that during rain, •water broho 
through the bunds and drained inton depression whero it was measured. 
Tlie results for run-off per square mile nre given in Table <18. 

On 23rd duly, 1838, rain started about 7 o’clock in tlio morning 
and in about five liours approximate!}* 4 inches had fallen. ObsorN’n- 
tioDs for run-olT vere still in })rogre5s when a heavy flood from Iho Aik 
Kallali entered the catchment nrea and made further obser%’ationp 
impossible. An account of the flood and the damage done by it will 
be given later. The results of obser\*ation5 for run-off are given in 
Table 48. From these results it is clear that if the rainfall is liea\'}' 
drainage should bo such as to take 20*5 cusccs per square milo 
of the catchment area. If the drainage is incapable of doing tlmt» 
■water will accumulate and ■will cause a rise in the water-table. The 
monsoon during 1938 was verj* poor and j'ct the run-off was never less 
than 7 cusecs per square mile. The conclusion from this is that the 
capacity of the drains in this area should never ba less than 7 cusccs 
per square mile of the catchment area. 

On 23rd July, 1938, there was a heavy flood in the Aik Nallnh 
and at about 7*0 r.ii. the same day it overfio^u’ed its left bank at tho 
follo'wing places 

(1) Malu-Chhitu— a village about 5 miles from the catchment 
area. 


(2) Tlio crossing of the Sialkot-Nnrowal Kail'^'ay. 

(8) The crossing of the Sialkot-Pasrur Koad. 

The whole of the catehinent area was flooded and was under- 
water for a period of 24 hours. Three feet depth of water was passing 
through the dip on the road and this lasted for about 12 hours. Out 
of the standing crops chan, bajra, maize and cotton were all washed 
away. Sugarcane -was not much damaged. 

The opportunity was taken to trace the course of the flood 
and to *=ee how* the flood water distributed itself. It was found that 
large ponds existed in the villages. Flood water entered these ponds 
and distributed itself over the countij’ instead of going into any drainage 
or into the river. A list of the villages flooded is given in Appendix ‘A’. 
F r the purpo'^e of a drainage project therefore such floodings should 

also be taUen into consideration. 

The results for the well obser\'ations are given in Fig 90. These 
1 * the conclusions arrived at for tho Khambranwala 

results however, be stated that, whereas at the Khambranwala 

'‘•♦“■(lio Seditions to the wnter-toblo mny be direct ond probably in 

Sre for^ ol seated florv, in the Sialkot area the additions to "tho 



•wafer-table can only take place throngh a medium of unsaturated soil. 
The curves presented in Kgs. 89 and 90 have been more fully dis- 
cussed under the heading “Investigation of Negative Pressure.” 

(c) An area near Sagar on Qie Lower Ghenab Canal. — In this 
•area the •water-table is high but the monsoon rain seldom exceeds 
14'0 inches. The land is less steep. The temperature is relatively 
high. The soil is light and the standard of cultivation is lower than 
in the cases of (a) and (b) above. The total catchment area selected 
for obsen-ation was ICG '5 acres out of which approximately 100 acres 
are cultivated and the rest is all waste land. Observations sho'sved 
■that there was no run-off from the cultivated area. The results given 
in Table 48 therefore represent run-off from only the waste area 
but for the sake of a drainage project the run-off percentage, etc., 
have been calculated over the whole area. Prom these figures it ■^11 
.he seen that with the first rain the run-off was low but it went on in- 
creasing with the subsequent rains till on the 16th of August the average 
run-off per square mile reached a figure of 22 cusecs. 

In the discussion under the Lower Raniwah Drain it has been 
pointed out that if the drain is not designed to take the full discharge 
received on account of seepage, the run-off from the catchment and 

the flood water fromriversandotherdrainagesitspillsoverthecountry 

and ceases to function as a drain. The necessity of a properly 
designed drainage system therefore is verj' obvious and cannot be over 
emphasized. 

(fZ) The E^ffect of Negative Pressure on Well Mcasitremcnis. — la 
the Report of the Physics Section attention has been drawn to the effect 
of negative pressures on well readings and the large rise in well levels 
which can take place after rain due to the release of the negative pres- 
sure. ^\TiilG the subject is to be further investigated during the 
present year, Figs. 89 and 90 are of considerable interest in this connec- 
tion. In Fig. 90 well levels are recorded, the water-table according to 
these well levels being approximately 41 feet deep in the middle of 
July. In this case the soil was light. In Fig. 89 the water-table is 
apparently much nearer the surface and the soil in this case is hecN*}'. 

Dealing first •with Fig. 90 it would be seen that the rain on the 
16th and IGth of July has caused the water-table to rise by 8*0 feet. 
Tlio water-table appears to become steady at this level until the 28rd 
wlicn a furtlier sudden rise takes place following heavy rain. Rainfall 
after this date affects the wator-tnble to a small extent only and not 
suddenly. Itnppcars, therefore, that tho rains on the 15th nndlCth and 
on tho 22nd to 21th have resulted in tho complete release of the nega- 
tive prc'^nro and tho riso.s do not represent actual additions to the 
water-table. Tho^ negative pressure Iinving been released tho rise 
QUO to tho late rains represents true additions to tho water-table 
duo to this source. 



In tho ca?o ol Tir. 80 nUbouRh the wnlor-lablc mncli nearer 
the surface the nogntivo pre^enro released is much smaller than in the 
former case. It appears that the min« on the 22n(l to 2Uh Julv result 
in a complete release of the negative pressure and that the further 
rams are respou«iblc for slight additions to the avntor-tablc. 

It appears nccc's^ai^* to attempt to explain the differences 
hetu-^n the amounts of rise in the two cases. As a result of the 
■exammalion of moisture contents of a large number of profiles it 
has been sboum that if tlio wuler-lablo is at a depth of G feet from the 
surface then almo-«t the whole d4*plh of the «oil is at t!io field moisture 
capacity. As the depth ol water-table increases to 11 foot then a 
certain depth of soil cm^t at (ho surface can have a stoop moisture 
gradient. The maximum depth of this zone of steep moisture gradient 
■appears to be 5 feet. In tlio ca^o of an 11 feet watcr-tablo the conditions 
^ould be the top 5 feet with the steep moisture gradient, the lower 
6 feet being at field moisture capacity. In the case of a water-table 
9 feet deep there would bo a soil crust 3 feet deep with a steep moisture 
gradient. As it is only the films in the zone of the steep moisture 
gradient that create tlie negative pressure it follows that at the 9 feet 
yater-table tbo negative pressure would only have to be released 
in a depth of 3 feet of soil. With a water«table situated at 40 feet from 
■the natural surface tlie moisture gradient zone would be of a depth of 
5 feet ; the remainder of the profile being at field moisture capacity. 
The negative pressure to be released in this case would be that due 
to the 5 feet of the moisture gradient zone. It follows, therefore, that 
with a deeper water-table the negative pressure to be released would 
be greater than that with a shallow water-table. This appears to account 
for the differences in the two series of observations. 


A further deduction that may be made from these observations 
is that for sinular soil types the negative pressure that has to be released 
by rainfall is the same for all depths of water-table beyond 11 feet. 
This probably accounts for the apparent effects of the rainfall on a 
deep water-table. There will be differences in the amounts of negative 
pressures to be released for different soil types. In a clay soil tbe area 
of the films of water will be considerably greater than in a light soil 
and hence the negative pressures to be released in a clay soil will be 
greater than those in a light soil. 

The release of this negative pressure may account for the ap- 
parent, response ol the water-table to rainfall in the case of an imper- 
meable soil. If the well reading is registering pressure and not water 
level then it will only bo necessary to release the negative pressure in 
the surface layers to obtain a response to rainfall in the well level# 
There would be no transfer of water from the surface to the water- 
table but only on increase in pressure being recorded. It is hoped to 
.considerably elaborate these points in the next report as the result of 
the investigations now in progress. 
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APPENDIX "A.’ 

EHOWINO THE LIST OF VIEI/AGr^ 0\T.I1 \nJIC!l IW FLOOD 
WATCn srjlEAD IKF.LP. 
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TABLE 30. 

SHOWING THE VILLAGES AEFECTEDBY' THUE ’ AS EEVEALED 
BY THE SPECIAL GIRDAWBI CABBIED OUT IN DECBMBEE, 1938. 




Depth to 

Cooditiona 

Ko. 

Xame of Tillage and distrirt 

water-table 

regarding 


in feet. 

Thnr. 

1 

TaUb (Chiniot , Jhang) 

9*0 

Thor appearing. 

2 

Chat 5“0<Jaraiiwala,Ly&ilp\w) 

10-0 

Do. 

3 

Mabranwala, Cbak C1>G. B. (Jaranirala, 

12-0 

Do. 


Lj-allpur). 




Cbak 5S0<G. B. (Jaranwala, LjaUpor) 

12*6 

Do. 

5 

ChakSGOG. B. (Jaranwala, Lrallpur) 

14*0 

Do. 


Sank Kalan and Xaurang Bi Jbugian 
(Kaokaos Salub, Sheilhupura) 

15*0 

Do. 

' 

Chak 126>G. B. (Jaranirala, Lvallpur) 

16*0 

Do. 

8 

KoUa Sant Singh Wala, Chak 43-R. B. 
(Sheikbnpnn). 

18*9 

Do. 

d 

Chak fi (Sheikhupura) 

20*0 

Do. 

10 

Cbak ll.G. B.. Maaanda and lialke (Shaikbu* 
pun). 

Kaiyal, Cbak 17*G. Q. (Shetkliupura) 

20-6 

Do. 

11 

' .21*0 


12 

Cbak 370<G. B, (Shaikhopun) .. 

21*0 

No Thnr at the fur- 
fart yet. 
of Beeumnlatirt 

of Baits below the 




■nrface. 

13 

Cbak 12r>J. B., Roknan Pa Chnk (Cbioiot. 

23-5 

Unr appearing. 


Jhang). 




Cbak 1 87, Baloaos Jhiinira ( J.yallpur) 

23*5 


IS 

Cbik 41, Jlarar Kbord (SbeiLbopura) 

23*6 

Thur appearing. 

lb 

Cbak no, Babcirala (Ljallpnr) .. 

24*6 


KHa; 

Knriwala, Chak 49 It, 11. (Shrikbupura) 

25*6 


17 

IlAipur, Cbak CS8*G. 11. (Jaranwola, Ljall* 

28 *0 

Thur appearing. 

18 

pur) 

Cbak lOJ.O. B. (JannwaU, Lyallpur) 

28*8 

Do. 

10 

CbakSi.n. B. (Sbfikhupura) .. 

27*0 


50 

Cl.ak 103-0. B (Jaranwali, l.yallpur) 

30*0 

Thor appearing. 

:i 

Cbak OffTlieoil. B. (Jaranwala, Lyalliwir) 

31*0 

Do. 

22 

Khararianwala, Cbak 2W-B. B- (JaranwaU, 
Lyallpor). 

37*0 

Do.' 


rboUlnU, Chak 103-11. B. (JaranwaU, 
Byaljpor). 

40*0 



✓ 
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TABLE 31. 

tnowixo Tnn nE.«n.TS or AX*i.v.«i'i or foiiji rnoM m/)cics a and n 
AT nr.NAi.A. niFmiiT MovmoMnnr. 



Tlock a, Pfl 

m. Tittjv y. 

Ttoc* n, 64 . 67, Tixto 20. 


pH. 

ToUl •ollilf 

pll. 

lit e* 


0*41 

*•79 

3*83 

8‘4S 

ini 6 * 


0-47 

*•00 

1*40 

*•73 

iod ft. 

.. 

O'IS 

*•69 

I '070 

8*78 

3rd ft. 


012 

*•63 

1'40 

8*73 

-iUift. 


0*22 

8-S4 

2*30 

8*79 

cthft. 


0*13 

*•97 

2*70 


flthft. 


0*09 

*•67 

2-05 

*•62 

’Itift. 


O-IO 

9*71 

3*32 

8*66 

8 tlk ft. 




1-81 

8*73 

9th ft. 


- 


0>69 

8*80 

10 th ft. 

•• 



2-l4 

8^97 

11 th ft. 




0-37 

8>83 

12 th ft. 




0-36 

8*63 

ISlhft, 

.. 


" 

0-23 

8‘24 

14th ft. 


- 

•• 

0*17 

9*20 

16th ft. 



- 

0*20 

9‘14 

16th ft. . ~ 


- 

•• 

O'lS 

9*30 

17th ft. 


-• 

-- 

©•17 

9^e5 
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TABLE 30. 

SHOWING THE VILLAGES AFFECTED BY' THDE ’ AS EETEALED 
BY THE SPECIAL GIRDAWHI CAEBIED GDI IN DECEMBEB, 1938. 
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TABLE at, 

fnownca xnr. nnsvLTs or as'ai.yki*; or foiw mou mxx:K8 a akd n 
AT nr.NAiA. niK-n\irr MONTooMKnT. 



r.uxnt A, 


Ptocx n, &3. 87. rj»u) M. 

Tc'jil riJj 
«»nt 

Pir. 

To^«] MliJf 
m»4. 

rii. 



0-41 

8*7® 

a-A'i 

8‘4S 



0-47 

8*00 

1-40 

8-73 


i 

0*15 


i-o:o 

8’7S 



0-12 

8'ia 

V40 

8‘7S 



0-22 

824 

2*3C 

8*78 



0*J3 

8*OT 

2*70 

6>68 



0*00 

6>67 

2-05 

8*62 



0-10 

8*71 j 

3*32 

8*66 





1 J-81 

8-73 



•• 


0*6& 

1 8*80 





2-U 

8-87 





0-37 

8*83 





0-36 

8*63 





0*23 

8*S4 



•• 

- 

017 

e-w 




•• 

0>£0 

8*14 





0-X5 

9*30 




•- 

0-17 

9*65 
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TABLE 32. 


SHOWING EESOLTS OF ANALYSIS OF A FIELD ATEENALA BEFORE AND ATTEB 
ONE BICE CROP, RABI, 1938-39. 



Bsro&fi 8T4&TX90 
BCCLAUATIOir. 

Arrss os* bice cmp 
sow tJirDEE BrasEtM. 

Dtscriptioa of Mmple 

Perccntoge of 
tOtAt Balt. 

pH, 

Percentage of 
tot«l aalt. 

pS. 

0-e' 

0-41 


D'04 

8-03 


0*47 


©•04 

8'K 

1'— 5' 

©•15 


0*07 

1 

1 8*25 

JP— 3' 

1 0-12 

1 

8'65 

0-08 

8*28 

1 '— 4* ^ 

0-22 

8'Z4 

©•06 

3>4Q 

4'— A* ^ 

0-13 

8'D7 

©•07 

8-43 

6'— A' ^ ^ 

0-00 

8*07 

©•©4 

g-S3 

e*— 7* 

©•10 

S‘7I 

©•05, 

8-31 
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statement 33. 

SHOWTN‘0 SUT CWNTHN’T OF nr.LO'? UKDIHl RTXUIMATIOX AT 97/3 L, LOVFnil 
RAIU DOAB CANAL AFTTR ONE RICE CROP. 


Dtflh ol ftraple. 

F^. 48 

10 

R 

48 

n 

Fl. 48 

17 

A 

Fq. 48 

14 

n 

Eq. 48 

11 

R 

Sq. 43 

*5 

Bq. 49 

10 

"b 

O'— 6* 

0*09 

0-21 

0-13 

0-10 

0*11 

0-16 

0*21 

«•— ir 

0*09 

O-IO 

0-07 

0-14 

008 

0-14 

0-» 


0*03 ^ 

0'14 

0-14 

o-os 

0-27 

0-31 

0-20 


1 

0*14 

0-19 i 

t-43 

oil 

0-13 

0-24 

0*40 


0'17 

1*14 

1*31 

0-02 

0-27 

0-27 

0-38 


0-21 

0-02 

MS 

1-02 

0-27 

0 50 

0-2S 


0-19 

0-20 

1-04 

0*62 

M4 

0-66 

1-48 

6'— 7' 

0*19 

0-42 

0-62 


0-60 

0-85 

1-80 

r— 8' 

0*24 

0-13 

001 

0-25 

1-03 

1-36 

2-40 

8'— O' 

0*29 

0-27 

0-70 

0-85 

0-64 

2-01 

2-44 

9'— 10' 

0*17 

0-46 

0-32 

0-29 

0-89 

1-63 

1>42 

10*— 11' 

1-06 

0-22 

0-31 

0-32 

1-56 

1-83 

1-76 

11'— ir 

1-51 

0-44 

0-21 

0-69 

2-23 

2-60 

1-40 

12'— 13' 

1-20 

0-21 

0-29 

0-42 

1-42 

2-43 

1-69 

13'— 14' 

0-61 

0 21 

0-49 

0-91 

0-61 

2-OS 

2-63 

14'— 15' 

0-81 

0-21 

0-2S 

0 59 

1-11 

1-89 

1-03 

15'— 16' 

0-75 

0-20 

0-24 

1-23 

0-67 

1-71 

2-85 

16'— 17' 

0-54 

0 20 

0-47 

1-69 

0-03 

1-60 

3-46 

17'— 18' 


0-27 

0-69 

“•"S 

0-43 

1-68 

2-65 


t}i(> ilcpttt to vbich tlie ttlU lurp bpcn 


fpmoTvvl Into Ihp toil proIUe 
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TABLE 34. 

SHOWING THE BESDLTS OF THE ANALYSES OF SOHS FE03I 
CHAK No. 97/9-L. 


Site. 

Depth. 

Percentagt 

of 

total salt. 

pH. 

Chak No. 97/9-L, Killa No. 43/2 

iBt 6' 

1-22 

9-50 

2nd 6' 

1*83 

9*88 


2Dd ft. 

1*80 



3rd ft. 

I'll 

9'86 


4tli ft. 


9-27 


5th ft. 




6th ft. 


9*86 


7th ft. 

0-99 

9-27 


8th ft. 

1-89 

9-22 


9th ft. 


8'9C 


10th ft. 

1-92 

9-22 


nth ft. 

2*56 

9'27 


12th ft. 

2'27 

9*08 


ISth ft. 

2*27 

S'lO- 


14th ft. 

0-70 

9 ‘58 


15th ft. 

0*60 

9 ‘67 


16th ft. 

0*52 

9’6U 


17th ft. 

0*62 

9'72 


JSlh ft. 

0*68 

9*76 


aoth ft. 

1'78 ■ 

9 ‘57 



1*86 

9-64 


2l8t ft. 

1*22 

9‘74 


22nd ft. 

0'84 

9-76 


23rd ft. 


9-C2 


24lh ft. 


9*50 


25tU ft. 

0-29 

9-65 


2Cth ft. 

0*22 

9*77 


27llj ft. 

0-21 

9-64 


23fli ft. 

0*18 

9‘45 


29th ft. 

0*18 

9-50 



0-15 

9-14 


31st ft. 

^VSBrS^^I 

9 ‘If* 


320(1 ft. 

0-07 

9-CI 


3.3rd ft. 

0*02 

9-52 


31th ft. 

0-07 

9‘57 


.35th ft. 

o-os 

9'4(» 


3Gth ft. 

O'OS 

9 -48 


.3711i ft. 


9’2I 


391Ii ft. 

0*0'^ 

9-45 


39t]| ft. 

0-15 

9-62 


40th ft. 

0-10 

9*92 


4Ist ft. 

0*08 

9‘77 


42nd ft. 

n-os 

9-70 


I8rd ft. 


9-62 


4l(h ft. 

0*08 1 

P‘74 










TABLE as. 


8H0\VIK0 THE RESULTS OF TIU: AN’ALYSF.S OF 8011,8 
FROM CIUK U/4-Ii. 


Description of tho soil. 

Di'ptli. 

Prrccntngo 

of 

totnl salt. 

pir. 

Sample from square Ko. 80, 

1st ft. 

1-21 

8*87 

KiUa 18 of Chak 11/4<L. 

2nd ft. 

1-01 

8-92 


8rd ft. 

1-84 

8-52 


1 4th ft. i 

l‘C5 

8'66 


5th ft. 1 

1*54 

8*68 


Cth ft. i 

1-23 

8-07 


7tb ft. 

1*10 

8*75 


8th ft. 

1*37 

8*58 


9th ft. 

0*72 

8*91 


10th ft. 

0’86 

8*90 


1 lltb ft. 

1-00 

8*89 


1 12th ft. 

0-99 

8*74 


1 18tb ft. 

1-90 

8*32 


1 14th ft. 

2'00 1 

8*8& 


1 16lh ft. 

2-46 

8-81 


, loth ft. 

2-48 

8*51 


1 17th ft. 

1-47 

1 8*70 


18th ft. 

0-69 

' 9*86 


19th ft. 

0*67 

9*17 


20th ft. 

0 91 

8-92 


21st ft 

1 06 

8-89 


22ad ft. 

0-29 

8-77 


23rd ft. 

0-23 

8'23 


21th ft. 

0-26 

8-52 


25tli ft. 

0*24 

8*54 


26th ft. 

0*17 

8-60 


27th ft. 

0-21 

8-C7 


28th ft. 

0-20 

8*76 


29th ft. 

0-19 

8'75 


SOlh ft. 

0-07 

1 

8-65 
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table 36. 


SHOWING THE RESULTS OP ANALYSES OP SOILS PB03I CHAK 
188-N.B. SEVEN YEARS APTEB RECLAMATION AND THE 
OULTKATION OP LAND ON NORMAL WATER 
SUPPLY. 


Description of sample. 

pH. 

Total solids. 

l6t 6’ 

7-B9 

0*11 

2oa 6* 

8*00 

0-07 

2nd It. 

8-12 

0-07 • 

Srd It. 

8'22 

0'03 

4th It. 

8-lB 

0-09 

■Cth ft. 

■ 

8-46 

0‘08 

It. 

8-88 

0-12 

7tb It. 

8-24 

O'OS 

8tb It. 

8-18 

0*11 

It. 

8-40 

o-oc 

loth It. 

8‘68 

0‘0G 






inn 

TABLE 37. 


BHOWIXG RESULTS OK ANALYSI:S OF SOII^ FROM THK. 
ARANnONTI) ClIAKAXWALI RtXIiAMATIOK FARM. 


Tot-il Polnblo 


D'-^ription of ?ampl 


0 . 


Doplli. 


salts Rcccm. 
l»cr, 103S. 


pH 

Dw?cmbcr 

1533. 


A/1 Sab-plot 15, Field >^ 0 . 3 
Ditto 
Ditto 
Ditto 


0—7' 
7'— 1 r 
1 1'— 25* 
20'— :16' 


010 

o-os 

O'OG 

0*07 


8-20 

S-01 

7-86 

7-CO 


A/1 Sub-plot 27, Field N*o. 1 . 
Ditto 
Ditto 
Ditto 

•0/1 Bub-plot 17, Field Ko, 1 
Ditto 
Ditto 
Ditto 

G/l Sab-plot 10, Field No. 1 
Ditto 
Ditto 
Ditto 

H/l Sub-plot 19, Field No. 1 
Ditto 
Ditto 
Ditto 
Ditto 

■H/l Sub-plot 15, Field No 4 
Ditto 
Ditto 
Ditto 

S. Sab-plot 1 
Ditto 
Ditto 

•Q. Sab-plot 9, Field No. 1 
Ditto 
Ditto 
Ditto 

‘L. Sab-plot 10, Field No. 1 
Ditto 
Ditto 
Ditto 


0—5' 
5'— 15' 
15'-24' 
24'— 30' 
O'— 8' 
3'— 7' 
7'— IS' 
18'— 37' 
0—7' 
7'— 16 ' 
16'— 22' 
22'— 334' 
0 — 5' 
5'— 10' 
10 '— 21 ' 
21 '— 29' 
29'— 35' 
0—5' 
5'~9' 
9'— 15' 
15 '_ 31 ' 
0 — 6 ' 
6 '— 12 ' 
1 '— 2 ' 
0—4' 
4'-S' 
8 '— 17' 
17'— 25' 
0—4' 
4'— 9' 
9'— 17' 
17'— 21' 


0-29 

8-78 

o-ii 

8-49 

0 09 

7*67 

0-01 

7*88 

0*39 

9-72 

0-13 

9-48 

IV12 

918 

0*05 

8'92 

0*05 

7-98 

0*04 

8'IS 

0'05 

8*02 

0 02 

8*11 

O' 09 

7-lG 

O'll 

7*75 

O' 14 

8*02 

O' 15 

S'4l> 

0'15 

8*55 

O'lO 

8*21 

O' 13 

3 7S 

0'19 

3-7S 

O' 19 

S'53 

O'lO 

7'17 

O' 10 

7 '05 

O' 09 

t 

0'05 


0-12 

^v~r! 

0-00 


0-07 


0-07 

^K~TT 

O'JO 


0-11 


O'll 

7-10 
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TABLE 38. 

SnO^TKO THE INTERPRETATION OF AERIAL PHOTOGRAPH (B). 






As INTEKPEETED rEOJI THE PnOTOGBUH 
TAKEN IN JaNCAST, 1037. 

SerUI 

No. 

Village. 

Total area. 

Thur. 

Patchy. 

Cultnrable, 



K. 

»I. 

K. Jr. 

K. JI. 

K. M. 

1 

BahariSnvaU 

6.712 

6 

1,73S 

9 

07 7 

3,870 9 

j 

Jaita 

C.076 

16 

1.C02 

13 

117 16 

4,268 8 

3 

Kenuogo .. 

2,38S 


801 


16 0 

1.477 18 

4 

Baddmondo 

0.370 

10 

2.4 3C 


33 C 

3,001 4 

« 

Q, Sahib Singh 

4.280 


1,389 

2 

406 C 

2,484 13 

f 

0 

Kaninnwab 

6.203 

16 

3.7« 


64 13 

1,604 KT 

7 

Ch&V Sethlan 

2.C04 

10 

J.OCl 

4 

8 0 

1,435 0 

8 

Pirhot 

6.100 

11 

1,6CC 

17 

1C8 2 

4,474 12 

0 

Tibil Horjft 

2.825 

16 

1.004 

8 


1.731 7 

10 

Snhoole Hallan ,. 

18,200 

4 

0,777 

2 

107 10 

8,414 0 

11 

Chirhoke 3tnl!aii ,, 

22.S 

0 

75 

c 

fl 17 

145 IS 

12 

IShxtlal 

243 

10 

87 

11 

10 0 

140 8 

13 

Jivxnpan Kahn 

487 

0 

II.'. 

11 

10 10 

3C0 13 

14 


3.W0 

8 


0 

17 10 

2.017 19 

13 

Stnnit)'' Khnii] 

3.4.‘'.4 

7 

I.3I6 

4 


2.139 3 


Tclxl in irTr* ,, 

«.r.T5 

0 

3.620 

0 

130 0 

4.870 0 



TABLE 39. 

''’‘"'SOT Anw.MM-. TO TJir 1 vrr r.r7-.)T*nt>x or Tiir actiai. 
tiiUOXII.vril AM* AaTilUMMl TO TTir. rATWAtOT* niROAWAKl. 


UiU 

Kin« S*liib Sm-h 


A« artoaUj 
in 

t'lli in 
J*r«ar7. 
IWJ. 

CtBtT* for 
lUM, 1937. 

I'alvsn'* 
f enrr^ for 
Kh»rif. IP3<. 

K. M. 

K. M. 

K. il. 

215 9 

107 0 

171 3 

179 5 

83 15 

06 U 

£37 9 I 

JW 18 

£45 IS 

473 2 

128 19 

322 £ 

IIS 14 

34 7 

92 IS 

S31 4 

Hi 9 

717 15 








2 :05-:i 


Total in aem 


271-50 


S56-50 


83 - 1 : 









TABLE 40. 

RESULTS OF WATER ANALYSES FOR 5IAIN WAN DRAIN TAIL AT 
R. D. 37,m 




Results op Asaltses. 

DaU* of sampliog. 

IMtcbaige 
in codecs. 

pH. 

Condnctivity. 

Total salt? 

-4tb Janaary, 1933 

2C'00 

7-79 

COO 

41-30 

14th February, 1033 

30'0U 

7-01 


5S-00 

16th Man h, 1033 

26-00 

7-52 

C33 

41-50 

16th April, 103 > 

32-00 

7--J0 

560 

41 *00 



7-75 

565 

43 50 

6(h Jane, 1033 

11*00 

S-18 

525 

■ ‘ 34-30 

7lh JaJy, 1035 

11-00 

7-70 

450 

35'00 



8 20 

490 

40-40 

Ith September, 1033 

20 00 

7-03 

745 

65-80 

4th October, 1033 .. 

1300 

7-03 

570 

38-SO 

8th Norember, 1033 

13-00 

7-74 

550 

35-70 

3rd December, 1033 

16-00 

8-03 

040 

48-30 

Arerage 


7-83 

675-43 

43-05 

8tb January, 1030 

23-00 

7-00 

900 

03-70 

2nd February, 1036 .. 

18-00 

8-17 

050 

40-20 

8lh 3fareh, 1030 

31-00 

8-12 

070 

4S-30 

CfJ .tpnl, 1030 

21-00 

7-C2 

550 

30-20 

4th May, 1030 

13-00 

7-83 

625 

37-00 

3ra June, 1034 

12-00 

7-40 

600 

30-00 

I6tli Joly, 1030 

31-00 

6-31 

750 

01-20 

7th An3j*t, 1036 

lQ-00 

6-42 

550 

41-<'’ 

3rd Rf-tembir, 1030 

20-<» 

"•09 

COO 

32-5<' 

Sol fVtoWr. 1030 .. 

21-00 

T-TU 

075 

43-(-0 

3f 1 N'..Trril»T, 1030 .. 

17-00 

7-00 

675 

4J-M 

7lH lk-orml--r, 1030 

lo-do 

7-03 

025 

45-20 

Arerage 


7-87 

030-83 

41-87 


137 












188 


table 41. 

nESDLTS OF WATER ANALYSES FOR MONA DRAIN, E. D. 327,POO. 


EESUI.T3 OF AWAtTSEa. 


Dat« of AsmpUng. 


pH. Conductivity. ToUltoLiH- 
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Table 4i— «o'«td. 


of ifcnplh|. 


Ilttn.Te or Avitnn. ^ 

K»»barg» 
fn m-'O*. 

pll. 

CoiKlnrUTlty. 

TotsI eolklt. 

isias .. 

Not aeailable 

8.32 

t.37S 

75*60 

51it Deeeaber, 1935 

ll.tlo 

801 

i.too 

79*00 

Jin J»na4Ty, 185a .. 

Ditto 

8*51 

1.100 

73*40 

Teljmry, 1856 

Ditto 

8*50 

1,200 

82*70 

^•iApnl. 1836 ,, 

Ditto 

&*22 

025 

03*40 

Mfh Uly, 1930 

Ditto 

8*15 

1.050 

74*00 

^ Jane. 1036 

Ditto 

7-80 

075 

77*60 

29tb July, 1836 

Ditto 

9.1C 

1,000 

70*60 

■3ljt Aujnit, 1036 . . 

Ditto 

8.t)C 

1,100 

78*20 

2Sti September, 1036 

Ditto 

8.21 

1,225 

81*25 

2^1i OeVjber, 103C . . 

Ditto 

8.01 

1,130 

73*60 

■Wth Koreaber, 1936 • • 

Ditto 

8.49 

1,050 

69*40 

■30tb Deeeobef, 1930 

Ditto 

8.72 

1.000 

63*60 

Arerag* 


8.32' 

1,008.01' 

73*83' 

30tb Jenoar;. 1937 

Not OTailablo 

8.00 

075 

70*90 

-28Ui Febwary, 1937 

Ditto 

8.39 

1,150 

87*90 

29th March, 1037 

Ditto 

7.S6 

9.50 

fl2*()0 

30th Apnl. 1937 

24' 17 

7.60 

1.100 

75*10 

£9th Slay, 1937 

33*90 

8.12 

1.700 

215*00 

30th Jane. 1937 

24*50 

8.28 

1.000 

72*80 

31st Joly, 1937 

107*62 

7 50 

1,200 

86*40 

29th AuRUst, 1937 . . 

25*87 

7.00 

1,100 

80*20 

30th Ssptember, 1937 

21*04 

7.00 

2.S00 

19S*00 

28th Oetober, 1937 .. 

18*60 

8.10 

975 

72*00 

30th November, 1937 

15*39 

8.20 

1.000 

66-40 

JOth Iteoeaber, 1937 .. 

29' 17 

7.92 

1.900 

71*40 

Average 

83*41* 

7.9y 

1,245.83* 

96*43' 
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TABLE 41 — OONOLD. 




Rbstcts 01 Akilysbs. 

Dtt« of >&mpliz)s. 

Diselurgo 

In cosees. 

pH. 

CcrndnotlTlty. 

Total solids. 


2<-72 

8-28 

1,100 

74-20 


1601 

8-02 

1,000 

69-40 

till irmb. 103S 

32-78 

8-22 

900 

65-10 

Jfth Aprfl. 1033 

11-58 j 

7-70 

960 

66-30 

lilt 1033 

30-61 

8-14 

700 

61*«' 

tOlli Jaac, 1033 .. i 

31-41 

8-23 

1,000 

81'W 

30»h Joly, 1033 

32-63 

7-65 

600 

37-60 

*3th AogTHt, lOM 

31-83 

7-03 

1,176 

82-00 

90t& Brpl^mber, 1033 

20-25 

7-31 

1,300 

©6 SO 

30*1» October, 1033 .. 

•2 63 

7-72 

ooo 

6a-<o> 

A*nnt 

a»*7r 

7-03' 

052- 60* 

69- *5* 









TABLE 42. 

KT^CLTS or WATTn AXALY^n** rou wir.K n'wriNO j-tatiox. 


DtU of •iTSflb;;, 


flrtrtT* riT A»»LTre« 

l>i.'ba*fe 

In 

fii. 


T.UlrrlMi. 

Kk *[»!!. 1»5\ 

0 21 


3.9X1 

210-30 

5«i June, 1931 

0 V» 

7-41 

3.700 

217-50 

July, 1931 

0-00 

7-2** 

a.coo 

2«8-Tn 

1031 .. 1 

lO-Ot 



268-10 

4ti October, loll .. 




242-40 

Stb October, 1031 .. 

0*hO 



265- bO 

Sth Xovember, 1031 .. 

10-50 

IBBI 


290-00 

ATcrsgo .. 

11-50 

7-40 

3.92S.57 

207-10 

12th Vebruary, 1032 •• 

8-0 

7-60 

4.500 

313-00 

5«h March, 1933 . . 

90 

7-17 

4,5<ii 

330-80 

25th April, low 

6-0 

7-48 

4,750 

330-80 

4th Jiuic, 1033 

9-0 

7-31 

4,700 

318-80 

16tb July, 1032 

9-0 

6-85 

4.760 

334 40 

SOth September, 1032 

8 0 

7-70 

4.250 

301-00 

lOtb October. 1032 . 

7-0 

7-36 

4,600 

331-60 

6tb NoTember, 1932 . 

8-0 

7-79 

4,250 

30MO 

24tli December, 1032 

10-0 

7-37 

4,600 

320-00 

Awrsge 

8-44 

7-43 

4,633.33 

322 10 

17th Jannary, 1033 

8 0 

7-47 

4,400 

313-50 

I3th Tehruary, 1933 

8-0 

G-85 

4,750 

332 80 

29tb March, 1933 . . 

8-0 

1-71 

5,600 

344-40 

13th April, 1933 

0-0 

7-70 

4,900 

333-20 

21st May, 1933 

8-6 

7-47 

6,200 

347-00 

•yth June, 1033 

7-8 

7- 48 

5,400 

348 50 

2«tb July, 1933 

8-0 

7- 58 

5,000 

37C-40 

29th September, 1033 

. 9-0 

7-21 

4,000 

301-40 

23th October, 1933 .. 

. 9-0 

7-22 

4,700 

317-50 

29th November, 1033 

. 8.0 

7-42 

4.350 

320-90 

Average 

. 8.23 

7-41 

4,830 

333-76 
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TABLE 42 — oonglp. 




Resdlts or AniLTsES. 

Dst« of (unpling. 

Discharge 

10 CQSeca. 

pH. 

Conductivity, 

Total solids. 

(3th Januar7, .. 

14*0 

7' 65 

4,000 . 

329*50 

■0th February, 1931 

8-0 

7*62 

4,700 

340-80 

March, 1031 .. 

8*0 

7*05 

5,600 

422-60 

lltn April, 1931' 

8-0 

7*90 

5,400 

338-60 

10th May, 193( 

8*0 

7‘6S 

6,100 

364*80 

8th June, 1034 

8*0 

7“65 

4,775 

321*00 

22nd July, 103» 

8-0 

7*63 

4,400 

363*60 

30th Ansu^t, 1034 .. 

8-0 

6-00 

3,000 

347;20 

23fd S.‘ptcmbcr,M934 

8-0 

7*83 

6,200 

355*20 

IStii Uctober, 1034 .. 

S'O 

7*71 

4,700 

322*80 

IStb Xorember, 1034 <• •• 

8*0 

7* 74 

6,000 

367*20 

0th L>.-c<tnbi-r, 1031 ... 

80 

7*50 



ArcraRc 

S'OO 

7*63 

4,800.25 

351*60 

Cih January, 1935 .. 

8'0 

7-00 

6,700 

362*50 

lOth February. 1035 .. 

8 0 

7'33 


343*50 

nth 3f,»rch, 103> .. 

8*0 

.. 




8*0 

7*60 

6,000 

330-80 


8*0 

7-60 

6,150 

333-50 

22nd Jun% 1035 •• •• 

8-0 

7'CO 

6,000 

339*40 

llth Auniit, 1035 •• •• 

8-0 

7*00 

6,200 

353 -Jil 

0th Octolicr, 1033 .. •• 

C-0 

7'90 

6,600 

365*00 

Oih Nnrpml*.r, 1035 , •• 

0'6 

7 74 

6,000 

353*50 

2231 IVcetnl>er, 1933 •. 

80 

8-00 

4,080 

337*70 

ATrrage 

7-05 

7-74 

6.073.75 

3(9* 19 

*lh lVlr,,»py, 1030 

S'O 

7*79 

5.400 

347*70 

ffrth Mar-*,, ^ , 

8-0 


4,000 

337*00 

AltQ, 

8*0 

7>50 

6,200 

478*80 

*l« May. 103n 

8-0 

7*40 

6,000 

374*40 

iTth J,a*, 1V35 

7*0 

7*6fl 

6.230 

331*40 
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TABLE 43. 

RESCLTS or wAxrn./isjtTrr.'! ron i/iirm lu.’n'VAn iiiui.v 

R- IV »'«■«. 
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TABLE 44. 

BEOTLTS or WATER AMAJ-YSES FOR VAOD NALLAH. 
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TABLE 45. 


RESULTS OF WATER ANALYSES FOR PUJIPING STATIONS. 


D&te of eampling. 

Discharge 
in cnscca. 

R 

pH. 

SULTS OP ASAt 

Conductivity 

YSES. 

Total sobds. 


SansAKa 

PosfPiso Statics. 


13lh August, 1032 . . 


8*39 

2,050 

203-00 

12th September, 1032 


8*25 

3,750 

273-20 

13th October, 1032 .. 


7-75 

2,600 

192-80 

25th November, 1032 


7*63 

2,250 

170-20 

I8th December, 1032 


39 

I'soo 

137-60 

Arerage 


7*88 

2,610 

105-36 

22Bd Fehmary, 1033 . . 


7-87 

1.000 

141 -00 

leth March, 1033 .. 


7*05 

2,700 

185-40 

17th Apn!. 1033 


8’0‘J 

2.100 

150-20 

12th May, 1933 


8-21 

2,250 

163-60 

12th June, 1033 •« •• 


8-21 

2.400 

173-10 

20th July, 1033 


7.50 

10,500 

010-40 

I2lh August, 1933 .. 


7*80 

0,000 

452-CO 

12th SepUmber, 1933 


7*6-S 

l,5'x» 

110-20 

ISth Otteber, Jtfjj ,, 


VH 

2,280 

J69-I0 

lilh Notembft. 1933 


7*23 

2,800 

214-W 

l3th tkrtnbrr, 1933 


7*60 

3,100 

233-20 

A*tr»^ 


7-77 

3.411'82 

2M-48 


table 45.-roM>'- 



I3lh JtnBAry, 1031 
Kill Febnitry, 1931 
19Ui 3Iarcli, 1931 
Kth April, 1031 
*lKt lUy, 1931 
15th Jiin«. 1931 
i:th July. 1934 
Uth 1931 

Uth Septetahcr, 1931 
16tb October, 1031 . 
I3th Koreoiber, 1931 
12th December, 1931 


24th Janaary, 1935 •• 
Ist 3Iarch, 1933 
olet March, 1935 
22ad June, 1935 
24th July, 1935 
25th August, 1935 . . 

I9th September, 1935 
I9th October. 1935 .. 
1 6th KoTember, 1935 
Uth December, 1935 









Jft&Q^ry, 1034 .. 
ITth Tebnury, 1934 
lOth MakIi. 1934 . . 

Kth April. 1934 • • 

2lit May. 1934 
15lh Jnnr. 1934 
ISlli Jul). 1934 
Util August. 1934 . • 

14th 8epl«ioh«r, 1934 
16th Ottober, 1934 . • 
13lh Novembef, 1934 
12th Drcember, 1934 


Avert ge 


l8t March, 1935 

21st March, 193 j 
22nd Juue, 1935 

24th July. 1935 
25th August, 1935 . - 

19th September, 1935 
I9tli October, 1935 • 
16th November, 1935 
nth IK'ccmber. 1935 


ITxn'C STATtOH- 


S-M j 

4.200 

315*Mi 

7•^7 1 

2.70t) 

230T.' 

2-firt 1 

3, .too 

tv4*50 

7 .57 ' 

2.7.'0 

IM-SO 

> \v 

2,.4H) 

17S-0O 

1 

2.7.M5 

2\V5-3t> 

7-50 

2,lHV1 

132*K» 

7 51 

1.2AI' 

134*4U 

7-06 

2.VW 

1 147*70 

7-5S 

t'.A.'O 

179*00 

7-2rt 

1 2.55"* 

177*70 

7-20 

1 2,2C<* 

' 1110*50 

1 


7*e2 


S*23 

8-59 

7*99 


7*b7 


6-13 

S'29 


3.500 
3.300 

2.500 
2.900 


2.SOO 


l.COO 

2.500 

2.500 

2,400 


2.000 


2.595-83 


IT2-5 

210*4 

111-i 


ijA-t 


Average 


2,550 
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table 45. — ooNTD. 












TABLE 45.— 'Cosct.t>. 


p.t!in.T» or A»*LTit£i. 


D»t/ of tKinflin;. 

Di.thatt** 

In eu^rr'. 

pH. 

ConJoctlTlty, 

ToUIao'lii, 

Dmiccn Pcjinno Station 

AT U. 1). 80,250— TtftcfuJrJ. 


12th Jai^nary, 1034 .. 

8- SO 

1,575 

12M10 

I'th Fchman, 1031 , 

7-4.5 

3S0 

31*80 

loth March, 1931 .. j 

7-17 

260 

17*20 

17th ApMl. 1034 


7-01 

318 

18'90 

21st May. 1031 


7-99 

400 

20-60 

15lh 1931 

.. 

7-40 

270 

18-20 

1 3th July. 1934 

•• 

7-03 

750 

48'flO 

lltb Au^st, 1034 •> •• 


7-34 

&00 

87*00 

Uth SepUtnbcr, 1034 


7-Cl 

eso 

48*10 

16th Ottobsf. mi .. 


7*01 

550 

35*70 

I3lh XoTcmh'r, 1031 


7-37 

37.5 

21-00 

i2th December, 1934 


7-40 

375 

27 10 

Average 


7-57 

569-42 

41*86 

'Slth Jauuary, 1033 ■ • 


7-^3 

725 


1st March, 1033 


8 12 

1,780 

123-60 

•2l'l March, 1935 


7-6S 

825 

55-40 



7 83 

273 

16-70 

22n<l Jum. l‘'35 


7 58 

.5tVl 

.10 00 

21ih >933 


■•VI 


.51 50 

25th ,\usu*t, 193.-, 


7-9> 

l.lKXI 

7.5 40 

JOth Soptcmlyr, 1935 j 

7-77 

>S.l 

l^•10 

JSth OclolKT, 193.5 . ; 

7-C1 

r.iM 

40-00 

Ifith KuTTinWr, 1035 


7 ftl 

3Tr, 

20 -(Kl 

JIth IVcvnil<pr, 1011 


7'P'I 

OiXI j 

<rt SO 




ft'it-Oi j 

4^ 81 

I2th Jamurs. 10 O' 



.v>. 1 

51-81 

I3lh IVhnisry, IIMH 


.a 

V., 1 

.55 


12th Jknuarj’, U'O ■' I •• 1 










table 4S. 
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SHOWING THE ECONOMICS OF OPEN WELL mRIOATION AND TUBE WELL IRRlOATrON. 
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TABLE 48. 


SHOWmO RAINFALL AND RUN-OFF FOR TEE MONSOON SEASON, 1933. 


Dnta. 

lUinfftll 

in 

inchsi. 

latenutjr 
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niafAl! 
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nt 
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value of (lifi soil vas made. Table 49 gives the results of some of the 
soils examined and Figs. 91 — ^102 give the results in graphical form. 

Tlio results show that a signifiacant correlation co-ofEcient is 
obtained bet^Yccn the j-ield of wheat and the manganese and available 
phosphate contents of tbe soil. In general, soils giving a high j’ield of 
wheat have a low manganese and high available phosphate content. 
From the known cfTects of phosphate manuring a high correlation 
between yield and available phosphate would be expected since the 
water available for the wheat crop in the Punjab is the main factor 
limiting the yield. The effect of manganese cannot ns yet be explained. 
Tlie soils of the Punjab are generally nlknlino, but the range of pH 
values of wheat soils is pH 7 to pH 8*6. No correlation was found 
between the yield of wheat and the pH value. AVithin this range 
of pH values, manganese is insoluble ; it seems, therefore, that 
manganese maj not atTect direcll}* the yield of wheat, but some other 
factors detennining the accumulation of mnnganeso in the soil may bo 
(ho real cause of the relationship. The investigation is to be continued 
both in the laborator}* and in the liold. 

Ekctrodiahjsis oj Soil : Fixation of Manganesc.^-To further 
elucidate tlie cfTcct of the presence of various bases commonly pro.sent 
in tbe exchange complex of the soils of the Punjab on the accumulation 
of manganese, manganese soils were arlificaily proporod from three 
acid treated soils difTcring widely in their mechanical composition 
and exchange capacity. Four sots of soils witli pH voiying from 4 to 
10 were prepared by adding Iiydroxidcs of sodium, potassium, calcium 
and magnesium separately. Tliesc soils 'ucro subjected to electro- 
dialysis nt 100 milliampercs for 5 hours. Mongnneso and the bases 
coming m tlio clectrodinlysatcs were determined. As a result of tins 
study it A\as revealed tbnt the rccovciy of manganese was least in tlie 
sot of soils to which calcium was added. Tlie presence of potassium 
olso shoved a similar effect nllliougli to a less extent tlian calcium. 
In the presence of sodium or magnesium the rccovciy' of manganese 
was intu'h more than with calciimi and potassium. On the basis of 
this invf-vtigation the ofTccf.s of the bases on the fixation of manganese 
ore brought out. In the Punjab, deterioration of the soil is accoin* 
paiiu d by nn increase of sodiuin over calcium in tbe exchange complex 
and lunce with nn incrcaccd sodium content in the soil more and more 
m.'inpancse become-? available to ]>!nnt life and this may be one of tho 
rc-acons of tbe decrease in the yield on deteriorated soil*?. 

Vobinirfric «(inin(io« oJ the Sulphate Contents oj Soils 
notcM. — A \ohimelrie method of estimating the sulphate content ol 
fOJi'? ntul by titrating vith standard barium nitrate solution, 

b3«(“u on tin- j)( rliodironic acid ns nn exteninl indicator lias beeu 

iA( oped. conieiit.s of a large number of water extracts 

foi * pjid vnltry were determined both volurnctricolly and grovi* 
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metricalij*. Somo of tbo results are given in Table 60. These sho-w o 
fairly good agreement. The tcclmiquo of the volumetric method has 
been standardised. 

In Older to avoid tho time tonsutning process of preparing -water 
extracts, the soils were shaken \rith salt solutions of amonium carbonate, 
potassium nitrate, sodium chloride, potassium-chloride and ammonium 
chloride of varying strength and their sulphate contents determined. 
It has been shov.*n that if normal solutions are used than the sulphate 
results obtained in the presence of KNO 3 and NaNOg -were veiy mudi 
less than if they vrere determined gravimetrically. With decinormal 
solutions, the KNO 3 and NaNOj affect the results up to 2-3 per cent, 
of the sulphate content. With 0*05 N solutions the results are tho 
same as those obtained "with 0*1 concentrations. Sulphate estimations 
■were not affected by the presence of N/IO (NH 4 ) 2 CO., solutions. 
Therefore if the extraction of the soils is carried with N/10 (NHjlgCOa 
it is possible to estimate both chlorides and sulphates in tho 
extracts. 

Further, it has been found possible to use rhodizomc acid as an 
internal indicator if the titration is done in the presence of alcohoh 
Tlie colour of the indicator changes from yellow to rose red at tho end- 
point. The precipitate of barium sulphate forms at once and the 
frequent warming of the solution during titration is obviated. Tho 
soil extracts may be prepared by “ salting ” the suspensions with a 
little potassium nitrate or sodium nitrate and the sulphate estimated 
in a 25 cc. portion of the extract in the presence of an equal volume 
of alcohol using about O’Ol gm. of rhodizonic acid. The method is 
similar to that used witli tctrahydroxj'quinone (THQ) indicator but 
with the latter about 0'2 gm. of tho indicator is needed for each titra- 
tion. With the use of the above technique the work in connection 
with tho soluble salt determination for soil suive\' work and water 
analysis is greatly simplified. 

Migration VclociUj of Soils . — If an electne current of the order 
of a few microamperes is passed through sod su'spensjions n movement 
of tho soil column takes place towards the positive pole. The rate of 
this migration — migration \elotity — is delormined by (ho potential, 
current density and the time for whuli the current is passed. If the 
migration velocities of soils are exnmuu-d ai definite current densities 
and fixed intervals the following mten-sting relationchijis of the 
migration velocity arc obtained with pH and the ha-^es pr(-«f nt in tho 
exchange complex *. — 

(t) Maximum migration velocity is obtained near pH 7. 
With further increase in tho pH the niigration di-creaecd 
till at about 10*8 it was almost negligible. With fur- 
ther increase in pH a revet^al of migration, t.c., 
a decrease instead of increase was observed. 


1 
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(li) Tlic iDonovftlont bases when present in the exchange 
complex resulted in soils manifesting greater migration 
velocity than tbo divalent bases. 

(tit) Soils containing humus gave n comparatively greater 
migration at v.arious pH values than the same soils 
after the humus had been removed. 

An examination of a number of soils revealed (liat, vrhen a 
comparison of tbo dovTiward fall of the particles in soil suspensions 
with and vdthout current was made, particles below *008 mra. wore 
afTected by the passage of the current. 



TABLE 49. 

ANALYSES OF SOILS OF THE PUNJ.XB IS |■.I'.I..\TU>N I'l' I'Ul 
YIELD OF IMIE.M'. 


• TABLE 4!). 

AXAL\SE3 or SOII-S OK THE 1‘UXJAl) IS nELATIOX TO THE YIEl.l) OK WHEAT. 
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table 50. 

COMPAEIBOK OF THE VOLBlffiTBIC ESTIMATION OF THE 
8DLPHATE CONTENT OF SOU EXTEACTS. 


Berial No. 

Bcgiatcrod No. 

8 O 4 CXPRESBED AS PEROEKTAOB 

1 NjBSO*. 

Volttmotric. 

Gravimetric. 

1 

8214 

0*0107 

0*0158 

2 

8212 

0*0142 

0-0180 

8 

8219 

0-0214 

0-0201 

4 

2889 1 

0-0355 

0-08S5 

C 

2372 

0-0355 

0-0160 

C 

2S71 

0-0390 

0-0350 

7 

1 2387 

0-0523 

0-0499 

8 


0-05C9 

0-0040 

9 

2873 

0-0570 

0-0500 

10 

2339 

0-0352 

0*0972 

11 

2335 

0-0923 

0-09C9 

12 

23G5 

0-1814 

0*1390 

IB 

2377 

0-1775 

0 - 1 CG 2 

14 

0209 

0-1827 

0*1660 

15 

2308 

0-1017 

0*2383 

IG 

2304 

0-1053 

0*2249 

17 

2302 

0-2048 

0*2974 

18 

2347 

0*2340 

0*2027 

19 

2-890 

0*0121 

0-8091 

20 

2418 

0*8092 

0-4447 

21 

2420 

0*897C 

0-3189 

22 

2289 

0*4092 

0-4217 

23 

2419 

0*4030 

0*8937 

24 

2238 

0-C4C1 

0*0321 

25 

2341 

1*0295 

1*0410 

2 fl 

2*833 1 

1*0205 

0*9054 

27 

2302 ' 

1-2177 

1*8030 

23 

2234 

1*8070 

1*8470 

2D 

2252 

2*0118 

2*5320 

CO 

2230 

2*010 

2*2802 

Ql 

231P 

8*6145 
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list of papers published by the Institute Staff in outside journals 
during the year, 1938>39. 

1. Eeview of Progress of Irrigation in India. By N. K. Eoso. (CurrtMit 

Science, January, 1939.) 

2. Eeview of Stream and Channel Flow. By N. K. Boso. (Oorront 

Science, March, 1939.) 

8. Problems of River Physics and How They are Solved. By N. K. Boso. 

(The Punjab Engineer, Vol. I, No. 5, pp. 6, 1989.) 

4. Mathematics in Hrigation. By N. K. Bose. (Scionco and Culture 
June, 1989.) * 

6. Extraction of Humus from Soil with Alkalies and its Colorimetric 
Estimation. By A. N. Pori and Anand Sarup. (Soil Research 
6 : 122, 1938). ' 

6. Isohydrio pH 'Value of Soils and Its Determination. By A. N, Pari 
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